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A F5 B A IR A B D BT LLFE GitHub W 35 _E 3K BX: hitps://github.com/BruceEckel/
Onjava8-examples, XEEREE DA TFERZEIISHEEMEE LRGSR,

IRAIBR AR AR E BN TR X SRR T IIER5 [, DIRBGIEEARER
B TR A, ( RERARHRSIA TG BRER, ERESHBERT, E
FREA RN, )

FEFTERRBXHE, (RESRIELILTHIMRAE B :

// Copyright.txt
This computer source code is Copyright ©2021 MindView LLC.
A1l Rights Reserved.

Permission to use, copy, modify, and distribute this
computer source code (Source Code) and its documentation
without fee and without a written agreement for the
purposes set forth below is hereby granted, provided that
the above copyright notice, this paragraph and the
following five numbered paragraphs appea} in all copies.

1. Permission is granted to compile the Source Code and to
include the compiled code, in executable format only, in
personal and commercial software programs.

2. Permission is granted to use the Source Code without
modification in classroom situations, including in
presentation materials, provided that the book "On

Java 8" is cited as the origin.

3. Permission to incorporate the Source Code into printed
media may be obtained by contacting:

MindView LLC, PO Box 969, Crested Butte, CO 81224
MindViewInc@gmail.com

4. The Source Code and documentation are copyrighted by
MindView LLC. The Source code is provided without express
or implied warranty of any kind, including any implied
warranty of merchantability, fitness for a particular
purpose or non-infringement. MindView LLC does not
warrant that the operation of any program that includes the
Source Code will be uninterrupted or error-free. MindView
LLC makes no representation about the suitability of the
Source Code or of any software that includes the Source
Code for any purpose. The entire risk as to the quality
and performance of any program that includes the Source
Code is with the user of the Source Code. The user
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understands that the Source Code was developed for research
and instructional purposes and is advised not to rely
exclusively for any reason on the Source Code or any
program that includes the Source Code. Should the Source
Code or any resulting software prove defective, the user
assumes the cost of all necessary servicing, repair, or
correction.

5. IN NO EVENT SHALL MINDVIEW LLC, OR ITS PUBLISHER BE
LIABLE TO ANY PARTY UNDER ANY LEGAL THEORY FOR DIRECT,
INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES,
INCLUDING LOST PROFITS, BUSINESS INTERRUPTION, LOSS OF
BUSINESS INFORMATION, OR ANY OTHER PECUNIARY LOSS, OR FOR
PERSONAL INJURIES, ARISING OUT OF THE USE OF THIS SOURCE
CODE AND ITS DOCUMENTATION, OR ARISING OUT OF THE INABILITY
TO USE ANY RESULTING PROGRAM, EVEN IF MINDVIEW LLC, OR

ITS PUBLISHER HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH
DAMAGE. MINDVIEW LLC SPECIFICALLY DISCLAIMS ANY
WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE. THE SOURCE CODE AND DOCUMENTATION PROVIDED
HEREUNDER IS ON AN "AS IS" BASIS, WITHOUT ANY ACCOMPANYING
SERVICES FROM MINDVIEW LLC, AND MINDVIEW LLC HAS NO
OBLIGATIONS TO PROVIDE MAINTENANCE, SUPPORT, UPDATES,
ENHANCEMENTS, OR MODIFICATIONS.

Please note that MindView LLC maintains a Web site which

is the sole distribution point for electronic copies of the
Source Code, https://github.com/BruceEckel/OnJava8-examples,
where it is freely available under the terms stated above.

If you think you've found an error in the Source Code,

please submit a correction at:
https://github.com/BruceEckel/OnJava8-examples/issues
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L OIEM AN, MRS AIRER— B2
Enum, java.lang.Enum $2{t T R IR REI—LEThEE

// enums/EnumClass.java
// Enum %8948 7

enum Shrubbery { GROUND, CRAWLING, HANGING }

public class EnumClass {
public static void main(String[] args) {

, XPEEEYEE java. lang.

/% Bk

GROUND ordinal: 0
-1 false false
class Shrubbery
GROUND

skokok skoskok sk sk okskokokok ok okkokkokk

CRAWLING ordinal: 1
0 true true

class Shrubbery
CRAWLING

sk >k sk ok ok ok ok ok >k ok ok ok ok ok ok sk k sk sk ok
HANGING ordinal: 2

1 false false

class Shrubbery
HANGING

keskok ok ok ok ok kok ok ok >k kk ok kR sk k ok

for(Shrubbery s : Shrubbery.values()) {

System.out.println(

s + " ordinal: " + s.ordinal());
System.out.print(

s.compareTo(Shrubbery.CRAWLING) + " ");
System.out.print(

s.equals(Shrubbery.CRAWLING) + " ");
System.out.println(s == Shrubbery.CRAWLING);
System.out.println(s.getDeclaringClass());
System.out.println(s.name());
System.out.println("********************“);

} HANGING

NE T LI TS BYSTE P CRAWLING

for(String s : GROUND
"HANGING CRAWLING GROUND".split(" ")) { */

Shrubbery shrub =
Enum.valueOf (Shrubbery.class, s);
System.out.println(shrub);
}
}
b

ordinal() J¥EIREI—M 0 FFEAHT int &, RFEESMBELEFINFERIRE. VKT
HOO HfEE Y == SR ELEACZSSLBI ( equals() A hashCode() J3 A% HI4RIEZR H B AIRAERR ),
Enum Z$5LI1 T Comparable #2[1 ( ALATELES ), FrLAEBIEE T compareTo() 75k, H4h
BIRSLHL T Serializable #:M ( ELATFFIML ).

GNELVE FA M 24 SEIHY getDeclaringClass() 75k, MISBENZMZSLBIFT BRIINEE

name () 777K B 26 SLG1 9 R EA O & FR, (5 toString() [EIFE L ET LLR EIZ A FR,
valueOf () FFIEE Enum RIPRIEATTIE, BRIBME AR String, REIZHRE1Z String ILAD
HORC2ESL, AISRILECAISEEIAERE, WHHRE

= YN i
THEHEEMSS 6 2 Burrito. java 28— MR
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// enums/SpicinessEnum.java
package enums;
/*
public enum SpicinessEnum { Burrito is NOT
NOT, MILD, MEDIUM, HOT, FLAMING Burrito is MEDIUM
} Burrito is HOT
*/
// enums/Burrito2.java

// {java enums.Burrito2}
package enums;
import static enums.SpicinessEnum.*;

public class Burrito2 {
SpicinessEnum degree;
public Burrito2(SpicinessEnum degree) {
this.degree = degree;
}
@Override public String toString() {
return "Burrito is "+ degree;

}
public static void main(String[] args) {
System.out.println(new Burrito2(NOT));
System.out.println(new Burrito2(MEDIUM));
System.out.println(new Burrito2(HOT));
}
}
static import BB HIMZSSLBITRIRFFESS I T AR ar &= A, HHENIAFE
FRHEAKRZEIEENRREE., MR TE X AR IR R E KL, Wit s=E
HE? XIRAEE FEURENEXREEMTE. RESSESHRERANIERME, A
PRI — B O E R ARE I EE M, — KRR AEERAE, EREERER
(NN AR

B, WRKCEE RS, SEE ERAET, IREERZTR (8
SRTE Sun ATIHIIES, WF BB AIEXFERE T — L5 ),

1.2 FEWRERBEDREMEENTTE

TS, BT FEMEE LS, BAT S EEE— M EEE, Xk
BRI LUE R TR 5 T, BEATLMEI— main() 775,

EARATIL, BRIARY toString() J7ik R IBEIMEESIBIN LR, TR RABIK

ZESLGI A A FZERA T NBOR . uite, IRETDASEI— D5, DUREEUSMNO(E
B, KEBASYMNITTERERY RE®R, WTHEIFR:
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// enums/0zWitch.java
/7 CAFAE) FHkm

public enum OzWitch {
/1 FHILIRIET RS
WEST("Miss Gulch, aka the Wicked Witch of the West"),
NORTH("Glinda, the Good Witch of the North"),
EAST("Wicked Witch of the East, wearer of the Ruby " +
"Slippers, crushed by Dorothy's house"),
SOUTH("Good by inference, but missing");
private String description;
/] Myik B ARG R BHK private :
private 0zWitch(String description) {
this.description = description;
}
public String getDescription() { return description; }
public static void main(String[] args) {
for(0zWitch witch : OzWitch.values())
System.out.println(
witch + ": " + witch.getDescription());

} /% Hrd:

WEST: Miss Gulch, aka the Wicked Witch of the West
NORTH: Glinda, the Good Witch of the North

EAST: Wicked Witch of the East, wearer of the Ruby
Slippers, crushed by Dorothy's house

SOUTH: Good by inference, but missing

*/

WRRAERE N B Tk, WSS BE R LI FE]. [, Java 258
SRS e LB, WERAEE LB 2 RiE T ERTTERF R, Nai gz
iR,

KRR NWIERFITENEE SR BRA -, EANRT DERRRFISN, EW
BE—AEEWZE, RPN EHEMREHRNE (2R REE RS ERRE AT
KAL),

ERARBIFFIIEIETERERER, [EERABRSRMIRSIAR EXBIFFAR: WiETTE
H RSk QIR IR 28 P AR AR LB TEROE e lE, RiFess A= A vFIRA
R AR M RTHIZEEL,

SR PTTIE

T B—FReS 4 R String BT EN: EE toString() 75k, 1€ THEHIR
BirR, SLEIZET AR, EH01FEHR—MERRER, B enun §J tostring() 7515



MBI @R EHER:
// enums/SpaceShip.java
import java.util.stream.*;
/* Wk
public enum SpaceShip { Scout
SCOUT, CARGO, TRANSPORT, Cargo
CRUISER, BATTLESHIP, MOTHERSHIP; Transport
@Override public String toString() { Cruiser
String id = name(); Battleship
String lower = id.substring(1l).toLowerCase(); Mothership
return id.charAt(0) + lower; */

}
public static void main(String[] args) {
Stream.of(values())
.forEach(System.out::println);
}
}

toString() J5¥EEIT A name() F57E3REX SpaceShip HYEZHR, FFHEMEM THER, 15
ERAPEVBEENEFRARE.,

1.3 7E switch B AR EEAHZE

KRB — N EE HEZ O E T LURTE switch EBAIH, BE, switch BAIHAE
RS FEFRELARNE, EEET enun BEEEEET —MEIFS, FEATLIE
1 ordinal() JTEESRERIKZESLAININT ( BRIFESM T HEMITIE), BrbitgzsLiin]
PLATE switch BRI,

ERBEEMAKZELY, MOAARERIREERIREE, (B case iIBAHIRT
TX AR LU BIHEER TSR AIE — B BAPIRSHL:

// enums/TrafficLight.java
// 7 switch 58] ¥ 142 A

/*

The traffic light is RED
The traffic light is GREEN
The traffic light is YELLOW
The traffic light is RED
The traffic light is GREEN
The traffic light is YELLOW
The traffic light is RED

/] BX—AREER,
enum Signal { GREEN, YELLOW, RED, }

public class TrafficLight {
Signal color = Signal.RED;
public void change() {
switch(color) {

// EFEAE caseiEq T, LALA Signal.RED */
case RED: color = Signal.GREEN;
break;

case GREEN: color = Signal.YELLOW;
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break;
case YELLOW: color = Signal.RED;
break;
}
}
@Override public String toString() {
return “The traffic light is " + color;
}
public static void main(String[] args) {
TrafficLight t = new TrafficLight();
for(int 1 = 0; i < 7; i++) {
System.out.println(t);
t.change();
}
}
}

YRR BRI AR switch FRIEA default IBAIMIMREE, (EXHAZENEERETIEA
5 Signal SLEIESERE T case 4337, RIEEIRIERERIEA case 4332, WIAAREIREE, XEk
EBIRNFE/IND, BRIRFEBE THENSY. B2, WRIEIRE case BAFIEMT
return ( i EEARE dafault), NIGHERSMEE, MERELEEE 7T EE.

1.4 values() J5iEMIHFLZ &b

ARBZHIRES, FrA BRI R AIE R H RIS E T 4R A Enum ZORBIERY, R,
WIERFHEE Enun BHIRIG, REEIEEFFEA values() 751k, RIAEDEREREME
HET. SWEEEM [ B5ED? RS — NN RS EFR—RAR:

// enums/Reflection.java
/] HR BRI AHAEE

import java.lang.reflect.*;
import java.util.*;

import onjava.*;

enum Explore { HERE, THERE }

public class Reflection {
public static
Set<String> analyze(Class<?> enumClass) {
System.out.println(
" Analyzing " + enumClass + " "),

System.out.println("Interfaces:");
for(Type t : enumClass.getGenericInterfaces())
System.out.println(t);
System.out.println(
"Base: " + enumClass.getSuperclass());
System.out.println("Methods: ");



Set<String> methods = new TreeSet<>();
for(Method m : enumClass.getMethods())
methods.add(m.getName());
System.out.println(methods) ;
return methods;
}
public static void main(String[] args) {
Set<String> exploreMethods =
analyze(Explore.class);
Set<String> enumMethods = analyze(Enum.class);
System.out.println(
"Explore.containsAll(Enum)? " +
exploreMethods.containsAll(enumMethods));
System.out.print("Explore.removeAll(Enum): ");
exploreMethods. removeAll(enumMethods) ;
System.out.println(exploreMethods);
// B.%¥ enum :
0SExecute.command (
"javap -cp build/classes/java/main Explore");

007

}
}
/* W
_____ Analyzing class Explore ____
Interfaces:
Base: class java.lang.Enum
Methods:

[compareTo, equals, getClass, getDeclaringClass,
hashCode, name, notify, notifyAll, ordinal, toString,
valueOf, values, wait]
_____ Analyzing class java.lang.Enum
Interfaces:
java.lang.Comparable<E>
interface java.io.Serializable
Base: class java.lang.Object
Methods:
[compareTo, equals, getClass, getDeclaringClass,
hashCode, name, notify, notifyAll, ordinal, toString,
valueOf, wait]
Explore.containsAll(Enum)? true
Explore.removeAll(Enum): [values]
Compiled from "Reflection.java"
final class Explore extends java.lang.Enum<Explore> {
public static final Explore HERE;
public static final Explore THERE;
public static Explore[] values();
public static Explore valueOf(java.lang.String);

static {};
}
*/
KBS, values() JTIERHMBERRFMN—NESTTE., FREAUEKNZRERE
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F, valueOf() J57ARRE B AR INE] T Explore #r28rh, XA siE AKAKR, Enum 28HR[RIEE
WAH—> valueOf () 7515, HEZITIER 2 NS, M#HMMARGENRE 114, %A,
XEH Set FERIIDTEL, HARDGESHS, BrLA7fEE A Explore. removeAll (Enum)
J&, RFTT [values],

FTENE5 SR o Explore MIZEHARIZSRIREN final 28, FrLAIRFCIEGAR — PR,
HAINEH —1 static FIAMLT A, IREESEZIER INERE X,

BT REER (HRNASNEMESE 20 B ) BSIR, RIFRESRERZ] Enun 21958
BEE, FEIHAER Explore KHIE LN —NEREIAHY Enun 83K ER, MIARSLER ERY

Enum<Explore>,

BT values() ik 2 HRIFER AR LN TE L HEAN—IMESHE, HGNRIR
Btz KA EEERN Enum, U values() FEEE AT, RAMEERWE, ClassHHE
A getEnumConstants() 75#%, FrLLEIfE Enum B3 O HRRAE values() 753, 13T LLE
Class XJER3EEZ] enum FISLA :

// enums/UpcastEnum. java

// R E EERME @A %% values() F ik
/* W
enum Search { HITHER, YON } HITHER
YON
public class UpcastEnum { */
public static void main(String[] args) {

Search[] vals = Search.values();
Enum e = Search.HITHER; // % b33
// e.values(); // Enum ¥i&A values() F i
for(Enum en : e.getClass().getEnumConstants())
System.out.println(en);
}
}

FHF getEnumConstants() & Class K — NIk, HEII —MNEBE KR 2B L
TERZT5E.
// enums/NonEnum. java

public class NonEnum {
public static void main(String[] args) {
Class<Integer> intClass = Integer.class;
try {
for(Object en : intClass.getEnumConstants())
System.out.println(en);
} catch(Exception e) {



System.out.println("Expected: " + e);

¥
3
}

/% Hird
Expected: java.lang.NullPointerException
*/

BITESRE null, EINERIREIRSIRZER, MebsRE.

1.5 SEI, TAZ4EK

FATEZHINFTE R enum ST R EL4EE H java.lang.Enum, Java REZFFLEBELRE, X
ERERICEES LT XSRS AR — MR

enum NotPossible extends Pet { ...

/] RiEAT

R, ATAGIRESIIN T — RS ML

// enums/cartoons/EnumImplementation.java

/] BEERTAZIALED

// {java enums.cartoons.EnumImplementation}

package enums.cartoons;
import java.util.*;

import java.util.function.*;

enum CartoonCharacter

implements Supplier<CartoonCharacter> {

SLAPPY, SPANKY, PUNCHY,

SILLY, BOUNCY, NUTTY, BOB;

private Random rand =
new Random(47);

@0override public CartoonCharacter get() {
return values()[rand.nextInt(values().length)];

}
}

public class EnumImplementation {

public static <T> void printNext(Supplier<T> rg) {

System.out.print(rg.get() +

}

public static void main(String[] args) {

/] BRFE—5H:
CartoonCharacter cc =

CartoonCharacter.BOB;
for(int i = 0; i < 10; i++)

printNext(cc);

/*

BOB, PUNCHY, BOB, SPANKY, NUTTY, PUNCHY, SLAPPY, NUTTY,

NUTTY, SLAPPY,

*
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010

EREEREESHFRE, FEARBIGLEE —PRELF], FeeER BERREANEE,
{H 2 HLALHY CartoonCharacter XY E] L& A(E(A¥; Supplier W RIEASEATTIE, Ha
printNext(),

1.6 PBEFLIZHE

AREFIIF L REITEEM enum FRFEH1SEIESLE], IEQIRTE CartoonCharacter.get() A
ERN—F, AILIERZEEXIESISLUMR R A TLEE ST, HBEIA L ES:

// onjava/Enums.java
package onjava;
import java.util.*;

public class Enums {
private static Random rand = new Random(47);
public static
<T extends Enum<T>> T random(Class<T> ec) {
return random(ec.getEnumConstants());
}
public static <T> T random(T[] values) {
return values[rand.nextInt(values.length)];
}
}

XANERSRESEFEAIBIE <T extends Enum<T>>, FHHT TE—MEERISLA,
B fE A Class<T>, H5XA class X RASER A, MIifia] LA BLKI 2 SE BB .
B random() FIERFBEAEZLHOWSHE N TI], BABHARHTEERN
XJ Enum B9#EVE, HEBENIHERE — NMUHETTEIIA . iR ERXS 52K 5 U 2RI
enum ZEHY |

NTEIXS random() F5E MR B AT, :

// enums/RandomTest.java
import onjava.*;

enum Activity { SITTING, LYING, STANDING, HOPPING,
RUNNING, DODGING, JUMPING, FALLING, FLYING }

public class RandomTest {
public static void main(String[] args) {
for(int i = 0; i < 20; i++)
System.out.print(
Enums.random(Activity.class) + " ");
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/*

STANDING FLYING RUNNING STANDING RUNNING STANDING LYING
DODGING SITTING RUNNING HOPPING HOPPING HOPPING RUNNING
STANDING LYING FALLING RUNNING FLYING LYING

*/

E5% Enum 2MREEE, BEAREFIRAILUER ERA THELSHEERE. B
EHRFEATORERIING, EFERERA.

1.7 ERFEORALKEE

MEERBETEWAR, X—RARe BN =i AERe, BEMEKZENZITL, —52R
HEBY REFEHKFFRIOR, B8R BREEAE FREBRUERARNFo4E.

RATAEE— MEOAN TR #HTAE, REETXMEOER—ME, BdXEN
FEORLITTRSFE., BMF, BRUIRE —LREEAHEAR food (R ), BEIE
T enum SREBLIEST, EXFHEENNIAR Food 88, (RETLIX AL :

// enums/menu/Food. java
// EEO AT TFIEE
package enums.menu;

public interface Food {
enum Appetizer implements Food {
SALAD, SOUP, SPRING ROLLS;
}
enum MainCourse implements Food {
LASAGNE, BURRITO, PAD THAI,
LENTILS, HUMMUS, VINDALOO;
}
enum Dessert implements Food {
TIRAMISU, GELATO, BLACK FOREST_CAKE,
FRUIT, CREME_CARAMEL;
}
enum Coffee implements Food {
BLACK_COFFEE, DECAF_COFFEE, ESPRESSO,
LATTE, CAPPUCCINO, TEA, HERB_TEA;
}
}

SCELE O R FRAMENTT, FLATAREE Food FRIM 2SI BIESLIL T
Food #:, MITERNTEART LA “—{IERIRFZEIRY Food”, GITFBIFTR:
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// enums/menu/Type0OfFood. java
// {java enums.menu.TypeOfFood}
package enums.menu;

import static enums.menu.Food.*;

public class TypeOfFood {
public static void main(String[] args) {
Food food = Appetizer.SALAD;
food = MainCourse.LASAGNE;
food Dessert.GELATO;
food Coffee.CAPPUCCINO;
}
}

non

Xt FEANSLI T Food 2 ORI ZE 28 B, HSATLAMA BN Food, AL ETEEE
Food 2%

BE, SIRELLE —HEMN, BOSEMANKZEEH. WRECE i HK
HIR 2", YRETLLA Food HHRGEE M2 R BUET QI — MM 28 8 AL ¢

// enums/menu/Course.java
package enums.menu;
import onjava.*;

public enum Course {
APPETIZER(Food.Appetizer.class),
MAINCOURSE (Food.MainCourse.class),
DESSERT (Food.Dessert.class),
COFFEE(Food.Coffee.class);
private Food[] values;
private Course(Class<? extends Food> kind) {
values = kind.getEnumConstants();
}
public Food randomSelection() {
return Enums.random(values);
}
}

FHEPREF, SR RBIEEAERN B Class W R LUMENEIESE, MmEl
L fif B getEnumConstants() SRHREX B B I S SLBIH F R R, XELGIHEETE
randonSelection() FH¢AHE], 7T, BIERNTATLINEA Course (32T, 1 “RIZE [ £/
B ) FhifefE—Fh Food (&%), HER—WHENREFRITET

// enums/menu/Meal.java
// {java enums.menu.Meal}
package enums.menu;

public class Meal {



public static void main(String[] args) {

for(int 1 = 0; i < 5; i++) {

for(Course course : Course.values()) {
Food food = course.randomSelection();

System.out.println(food);
}

System.out.println("***");

013

}

}

¥
/* Hrds: TEA
SPRING_ROLLS *Ak
VINDALOO SALAD
FRUIT BURRITO
DECAF_COFFEE CREME_CARAMEL
Ko LATTE
SOuP *Ak
VINDALOO SouP
FRUIT BURRITO
TEA TIRAMISU
FoAk ESPRESSO
SALAD X
BURRITO */
FRUIT

(#a2)

phil, BB —MHEEBRBARNKRRRANRNET, LG EER &S
Course, 7EFH/EHIBIF VendingMachine java #, {RE=FEEIS —MHEANEAREFEEN

ETTIE,

5B —MER RS KT IE REERERNIERZE, WHEIFTR:

// enums/SecurityCategory.java
[/ EWEGBETAE
import onjava.*;

enum SecurityCategory {
STOCK(Security.Stock.class),
BOND(Security.Bond.class);
Security[] values;

SecurityCategory(Class<? extends Security> kind) {

values = kind.getEnumConstants();
}
interface Security {
enum Stock implements Security {
SHORT, LONG, MARGIN
}

enum Bond implements Security {

/* W

BOND: MUNICIPAL
BOND: MUNICIPAL
STOCK: MARGIN
STOCK: MARGIN

BOND: JUNK
STOCK: SHORT
STOCK: LONG
STOCK: LONG
BOND: MUNICIPAL
BOND: JUNK

*/




SRR

N

MUNICIPAL, JUNK
}
}
public Security randomSelection() {
return Enums.random(values);
}
public static void main(String[] args) {
for(int 1 = 0; i < 10; i++) {
SecurityCategory category =
Enums. random(SecurityCategory.class);
System.out.println(category + ": " +
category.randomSelection());

Security # 0 T INE M2 KRB EAA TR AR AR —&, REEETI1EEE
SecurityCategory FRFI#ZEHR,

QB It 7T i B FA I RTTE FY Food rxfll, ABALESRANT :

// enums/menu/Meal2.java

java enums.menu.Meal2
g;ci;ge enums.menu; ' /% Wi
import onjava.*; SPRING_ROLLS
VINDALOO
. FRUIT
public enum Meal2 { . DECAF COFFEE
APPETIZER(Food.Appetizer.class), xx
MAINCOURSE (Food.MainCourse.class), SOUP
DESSERT (Food.Dessert.class), VINDALOO
COFFEE(Food.Coffee.class); FRUIT
private Food[] values; TEA
private Meal2(Class<? extends Food> kind) { .
) values = kind.getEnumConstants(); SALAD
public interface Food { iaﬁﬁiTo
enum Appetizer implements Food { TEA
SALAD, SOUP, SPRING ROLLS; .
}
enum MainCourse implements Food { :G;Q?TO
LASAGNE, BURRITO, PAD_THAI, CREME CARAMEL
LENTILS, HUMMUS, VINDALOO; -
LATTE
} kkk
enum Dessert implements Food { SOUP
TIRAMISU, GELATO, BLéCKﬂFOREST_CAKE, BURRITO
FRUIT, CREME_CARAMEL; TIRAMISU
¥ , ESPRESSO
enum Coffee implements Food { .
BLACK_COFFEE, DECAF_COFFEE, ESPRESSO, ny
LATTE, CAPPUCCINO, TEA, HERB_TEA;

}
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}
public Food randomSelection() {
return Enums.random(values);

}
public static void main(String[] args) {
for(int i = 0; i <5; i++) {
for(Meal2 meal : Meal2.values()) {
Food food = meal.randomSelection();
System.out.println(food);
}

System.out.println("***");
}
}
¥

BiE, BERXHENNBERENT T, BEEEENT, RO LUEEEEIENT.

1.8 FH EnumSet RACEFRIR

Set E—MAATAEELRFENES. enun ERE NN EE -, Hit
BERME set, BEREATRERMBERITTR, EFH AW Set BBAHFH, T2 EnunSet
WEIA, FRELA enum UEER, DIBRERPET int By “MfcR” Bk, XMRIRE
ERFSRRAR LR - RREER, EEAZRSEF EEERIESMARS, MARILSE
B, FUEAFEA 55 LIRS,

fEBER EnumSet FYIRIT Bz —, ENEREMAIRRTES ((LRIENERERERE TS
T Hashset ), ﬁm%ﬁiﬂﬁim*/ﬂﬁﬁmfﬁméﬁéﬂﬁ@ long B1TE R, FTAEAEE S,
PR, RIERAR T —MEERIADNITIORRE - #HERHENFESS, mA
FeAHE O ERE,

5% B

EnumSet FIFYTTR AR R MEZELEL, TEE —MUENEIF, ERAKERER
— R R E RN ZR I R (L B :

// enums/AlarmPoints.java

package enums;

public enum AlarmPoints {
STAIR1, STAIR2, LOBBY, OFFICEl, OFFICE2, OFFICE3,
OFFICE4, BATHROOM, UTILITY, KITCHEN

}
EnumSet ##4E PRI EIR HPIRAS :

// enums/EnumSets.java
// EnumSets ##:4F
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// {java enums.EnumSets}

package enums;

import java.util.*;

import static enums.AlarmPoints.*;

public class EnumSets {
public static void main(String[] args) {
EnumSet<AlarmPoints> points =

EnumSet.none0f (AlarmPoints.class); // A%
points.add(BATHROOM) ;
System.out.println(points);
points.addAll(

EnumSet.of (STAIR1, STAIR2, KITCHEN));
System.out.println(points);
points = EnumSet.allOf(AlarmPoints.class);
points.removeAll(

EnumSet.of (STAIR1, STAIR2, KITCHEN));
System.out.println(points);
points.removeAll(

EnumSet.range(OFFICE1l, OFFICE4));
System.out.println(points);
points = EnumSet.complementOf(points);
System.out.println(points);

} /* drds

[BATHROOM]

[STAIR1, STAIR2, BATHROOM, KITCHEN]

[LOBBY, OFFICEl, OFFICE2, OFFICE3, OFFICE4, BATHROOM,
UTILITY]

[LOBBY, BATHROOM, UTILITY]

[STAIR1, STAIR2, OFFICE1l, OFFICE2, OFFICE3, OFFICE4,
KITCHEN]

*/

BEBA (static import ) IEFEBAKBEEENER. FiEalEREEREHET,
YRIEE] LATE JOK FSCRY R ER B SR B4R TS . ANERIRFAE SR, =R of () 5L H
DART A SRR 3~5 NERSEEIF T TEE, XARILT EnumSet X EBERIIRAE,
EAANRHTBE - NMERAESHE of O AR, BEEXEABELENS
BT RIS AR, Bk, WA 2~5 MEECRER of ) 753, LirEEMANEEZA
FOGEERNR); WRA 1A ML ENSECHER, NERAT2HHRA. £,
MR 1 NSO, FREHAAWETESMEE, FIHXFER N AL
HIFFHH o

EnunSet 2T 64 (1 long WEEHY, S MUZESLBIF/E LA 1 ABRRIARSHFEN
RAS, XV TEHA Long FISZHETEREIN, 1/ EnunSet R ZAISTREFEE 64 NTRIIK
ZERA, WIERMERRIRNTREE T 64 4, SREMFATE?



// enums/BigEnumSet.java
import java.util.*;

public class BigEnumSet {

enum Big { AO@, Al, A2, A3, A4, A5, A6, A7, A8, A9,
Al0, All, A12, A13, Al4, Al5, Al6, Al7, Al18, A19,
A20, A21, A22, A23, A24, A25, A26, A27, A28, A29,
A30, A31, A32, A33, A34, A35, A36, A37, A38, A39,
A40, A41, A42, A43, A44, A45, A46, AAT7, A48, A49,
A50, A51, A52, A53, A54, A55, A56, A57, A58, A59,
A6O, A61, A62, A63, A64, A65, A66, A67, A68, A69,
A70, A71, A72, A73, A74, A75 }

public static void main(String[] args) {
EnumSet<Big> bigEnumSet = EnumSet.allOf(Big.class);
System.out.println(bigEnumSet);

}
} /* i
[AO, A1, A2, A3, A4, A5, A6, A7, A8, A9, Al0, All, Al2,
A13, Al4, Al5, Al6, Al17, A18, A19, A20, A21, A22, A23,
A24, A25, A26, A27, A28, A29, A30, A31, A32, A33, A34,
A35, A36, A37, A38, A39, A40, A4l, A42, A43, A44, A45,
AdG, A47, A48, A49, A50, A51, A52, A53, A54, A55, A56,
A57, A58, A59, A6O, A6l, A62, A63, A64, A65, A66, A67,
A68, AG9, A70, A71, A72, A73, A74, A75]
*/

B EnumSet AJ LIS RF IS8T 64 NuRAIMZE KT, FrUATRATET LUER, EFEL
ERIARE5IAFTHY long BIRE,

1.9 {&EF3 EnumMap

EnumMap /2 —FRFEEREY Map, BERE BFTARESRE R MR, B THRZENY
(TR HIBUEN SR SEEEML), EnumMap HIPERET LL/EA — MECHESRSEEL, Bt
EITHEREER S, IRATLUSU OB EnumMap SRSCIIE T K2 RIE .,

PRIABER KPR T REARRIEA put() J5iE, BRIbzIN, SAER — MBI
Map &+ AXBIT .

TERGFER TIRIFEAFGSER, XHERXE— (8% ) R8s —1 75k
HEEOFE, RENZFEUWRES N EEART NI, AFEREFXEHSNTR,
EFREREFERERE .

// enums/EnumMaps.java

// EnumMaps %7
// {java enums.EnumMaps}
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package enums;
import java.util.*;
import static enums.AlarmPoints.*;

interface Command { void action(); }

public class EnumMaps {
public static void main(String[] args) {
EnumMap<AlarmPoints,Command> em =
new EnumMap<>(AlarmPoints.class);
em.put (KITCHEN,
() -> System.out.println("Kitchen fire!"));
em.put (BATHROOM,
() -> System.out.println("Bathroom alert!"));
for(Map.Entry<AlarmPoints, Command> e:
em.entrySet()) {
System.out.print(e.getKey() + ": ");
e.getValue().action();
}
try { // deR3EH key EA T RAL:
em.get(UTILITY).action();
} catch(Exception e) {
System.out.println("Expected: " + e);

}
} /* W
} BATHROOM: Bathroom alert!
KITCHEN: Kitchen fire!
Expected: java.lang.NullPointerException
*/

1 EnumSet —#¢,  EnumMap HREITEERIT HE T I7ERCEE F 8 SRR R

it main() REFHIKEBES, AILUBRIGMEEHENE, BEREEE null, &
dE7EiZ8E LRAE put () 757,

MR FESBISESE (constant-specific method, 2T 4 2 ), EnunMap FIHLHATE
F: FIFH EnumMap, #RETDIRESERXT SR . TIRE] LABEIE B E S IETEG RN A2,

FUMREAZREESESN, EnunMap T2 5% (multiple dispatching ), AN X
SAKRBIK R E H A E &Rz .

1.10 BERBERIE

Java BUBCEHUHIET LUB I N ARSI S RRRTTE, ST ST TRRIT
BELIUK—, (RATATERCER AR L — R MAGTTHE, MRS ML IR
ARSI, B
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// enums/ConstantSpecificMethod.java
import java.util.*;
import java.text.*;

public enum ConstantSpecificMethod {
DATE_TIME {
@Override String getInfo() {
return
DateFormat.getDateInstance()
.format(new Date());
}
},
CLASSPATH {
@0verride String getInfo() {
return System.getenv("CLASSPATH");
}
+
VERSION {
@0verride String getInfo() {
return System.getProperty("java.version");
}
h
abstract String getInfo();
public static void main(String[] args) {
for(ConstantSpecificMethod csm : values())
System.out.println(csm.getInfo());

} /* W

Jan 24, 2021
C:\Git\OnJava8\ExtractedExamples\\gradle\wrapper\gradle
-wrapper.jar

1.8.0 41

*/

YRET LU SRERHIMZE SLBIR E A5 . XBEERRNEN (E=, R
A S BEURARLEL ),

FHEANREET, RERTATARRERZEAERE, B ERETE, BN
ZFSLEATLARA & BTN, XRABNILEIEHERFREE., £ LEFFF, 815
MU SLEIE LR T “E 287 ConstantSpecificMethod FYSL{, {HEF getInfo() J37ERTHY

TRREZEH,
AT, XPERRME R RBERI AL, FRIEEERE enum SLEBISER T 26288 .

// enums/NotClasses.java
// {ExcludeFromGradle}
// javap -c LikeClasses
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enum LikeClasses {
WINKEN {
@0verride void behavior() {
System.out.println("Behaviorl");
}
+
BLINKEN {
@Ooverride void behavior() {
System.out.println("Behavior2");
}
+
NOD {
@0verride void behavior() {
System.out.println("Behavior3");
}
+
abstract void behavior();

}

public class NotClasses {
// void fl(LikeClasses.WINKEN instance) {} // R47

}
/FArd (AT 1247) -
Compiled from "NotClasses.java"
abstract class LikeClasses extends
java.lang.Enum<LikeClasses> -{

public static final LikeClasses WINKEN;

public static final LikeClasses BLINKEN;
public static final LikeClasses NOD;

public static LikeClasses[] values();

Code:
0: getstatic #2 // FE&
$VALUES: [LLikeClasses;
3: invokevirtual #3 /] Tk

"[LLikeClasses;".clone: ()Ljava/lang/0Object;

*/

TEf1() FiET, FRRERAPERELAIE NI ERIRMER, RERE—TRIES
B AREN, X—SnER T —8 M T EEE LikeClasses FJ— static
final HYSLHI,

FRE, BT EIIRESHSH, WEK2EhHIR2ESLEIRIIEH NG S BRINERSE, R
7 MANZBHE 5 Rl EER ST I .

ERE—MEERFIF . BNEPEEST — MEERIRRE, SMNETERRA
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FAYERIE, B MERIER ST — MEERETTIE, REA—1 EnunSet SKiFH A FRUEEEE.

// enums/CarWash. java
import java.util.*;

public class CarWash {
public enum Cycle {
UNDERBODY {
@Override void action() {

System.out.println("Spraying the underbody");

}
i
WHEELWASH {
@Override void action() {
System.out.println("Washing the wheels");
}
Y
PREWASH {
@Override void action() {
System.out.println("Loosening the dirt");
}
+
BASIC {
@Override void action() {
System.out.println("The basic wash");
}
+
HOTWAX {
@Override void action() {
System.out.println("Applying hot wax");
}
1
RINSE {
@Override void action() {
System.out.println("Rinsing");
}
+
BLOWDRY {
@Override void action() {
System.out.println("Blowing dry");
}
i
abstract void action();
}
EnumSet<Cycle> cycles =
EnumSet.of (Cycle.BASIC, Cycle.RINSE);
public void add(Cycle cycle) {
cycles.add(cycle);
)
public void washCar() {
for(Cycle c : cycles)
c.action();

/%

[BASIC, RINSE]
The basic wash
Rinsing

[BASIC, HOTWAX,
RINSE, BLOWDRY]
The basic wash
Applying hot wax
Rinsing
Blowing dry

*/
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}
@Override public String toString() {

return cycles.toString();

}

public static void main(String[] args) {
CarWash wash = new CarWash();
System.out.println(wash);
wash.washCar();
/] B FAREE:
wash.add(Cycle.BLOWDRY) ;
wash.add(Cycle.BLOWDRY); // & & Finbik Lok
wash.add(Cycle.RINSE);
wash.add(Cycle.HOTWAX) ;
System.out.println(wash);
wash.washCar();

}

}

EN—NEEREFEBENE L BELNTLERS, BEREERE L.

XA FIRER T EnunSet R L4558, BR— Set, FrLIENAJEEETEER
HEFREE —MNETL, FMEFESEN add() FENESRASWAR (XRFERE, BT
TR — IR LR —FERT ). BN, BRI SLB RN I A B B — T HA e F A 2
FE BRI R AE o

EERERESE, ARSI MIgITE, X2 219, WEIFREIFTR.

// enums/OverrideConstantSpecific.java

public enum OverrideConstantSpecific { /% W

NUT, BOLT, NUT: default behavior

WASHER { BOLT: default behavior
@0verride void f() { WASHER: Overridden method

System.out.println("Overridden method"); */

}

h

void f() {
System.out.println("default behavior");

}

public static void main(String[] args) {
for(OverrideConstantSpecific ocs : values()) {
System.out.print(ocs + ": ");
ocs.f();
}
}
)

ESRMCESTSLIE I T R RIS, (HEBHERN, TRE TSR,



1.10.1 FBWELIMIRFEE

NE4% ( Chain of Responsibility ) @I ER 612 T —HtFE TR BRI R 75
%, REBEITER—% “#". Y—MNEREEN, SIREXL&EEETE, BR8]
§E_EREATTLNEIZE RIVTT A

ALURAZHAEERFESIELI —FHHRENRRE. SR TMEREE, EXE
—HEHSZRARE RN IORME, (WMRTAE) FAMZHBINITR, EEZ
MR RN “TEE" (FolksRis ), SR IEE—IRE (B —FRHE=),
TSR R I E — Rt 2 — 5T 5E.

AT —H TR, ERrENEBESEET DUAKZEREEX, BT Mail W
ERENLAIER, BERE/N—E BB GeneralDelivery ${ I T YES INTTBEME, BB EMS
IEEOIEEZRAE YES FUSLB, RIZEERIE L —HIGT] BEBE kA Mk,

7F Mail 1, fREZE S| randomMail() F57%, FASRMENLEIEENIHMHEA. generator() J57£
AR T — Iterable X%, 'BfFFH randomMail() JFESRAE R —EHEM Mail WK, B8
TIEREEEE IR next() FtEE i —1 . XFEM BT Mail.generator() J5ASE
Pl for-in JEINRYEIEAGIERE

// enums/PostOffice.java
/] URBy A

import java.util.*;
import onjava.*;

class Mail {
// NO BV T MALLAE 7T atbe .
enum GeneralDelivery {YES,NO1,N02,NO3,N04,NO5}
enum Scannability {UNSCANNABLE,YES1,YES2,YES3,YES4}
enum Readability {ILLEGIBLE,YES1,YES2,YES3,YES4}
enum Address {INCORRECT,O0K1,0K2,0K3,0K4,0K5,0K6}
enum ReturnAddress {MISSING,OK1,0K2,0K3,0K4,0K5}
GeneralDelivery generalDelivery;
Scannability scannability;
Readability readability;
Address address;
ReturnAddress returnAddress;
static long counter = 0;
long id = counter++;
@Override public String toString() {
return "Mail " + id;
1
public String details() {
return toString() +
", General Delivery: " + generalDelivery +
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", Address Scannability: " + scannability +
", Address Readability: " + readability +
", Address Address: " + address +
", Return address: " + returnAddress;
}
[/ AR
public static Mail randomMail() {
Mail m = new Mail();
m.generalDelivery =
Enums. random(GeneralDelivery.class);
m.scannability =
Enums.random(Scannability.class);
m.readability =
Enums. random(Readability.class);
m.address = Enums.random(Address.class);
m.returnAddress =
Enums . random(ReturnAddress.class);
return m;
}
public static
Iterable<Mail> generator(final int count) {
return new Iterable<Mail>() {
int n = count;
@Override public Iterator<Mail> iterator() {
return new Iterator<Mail>() {
@Override public boolean hasNext() {
return n-- > 0;
}
@Override public Mail next() {
return randomMail();
}
@Override
public void remove() { // A%H
throw new UnsupportedOperationException();

public class PostOffice {
enum MailHandler {
GENERAL_DELIVERY {
@0verride boolean handle(Mail m) {
switch(m.generalDelivery) {

case YES:

System.out.println(
"Using general delivery for " + m);

return true;

default: return false;
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+
MACHINE_SCAN {
@Override boolean handle(Mail m) {
switch(m.scannability) {
case UNSCANNABLE: return false;
default:
switch(m.address) {
case INCORRECT: return false;
default:
System.out.println(
"Delivering "+ m + " automatically");
return true;

}
}
+
VISUAL INSPECTION {
@Override boolean handle(Mail m) {
switch(m.readability) {
case ILLEGIBLE: return false;
default:
switch(m.address) {
case INCORRECT: return false;
default:
System.out.println(
"Delivering " + m + " normally");
return true;

}
}
H
RETURN_TO_SENDER {
@0verride boolean handle(Mail m) {
switch(m.returnAddress) {
case MISSING: return false;
default:
System.out.println(
"Returning " + m + " to sender");
return true;
}
}
};
abstract boolean handle(Mail m);
}
static void handle(Mail m) {
for(MailHandler handler : MailHandler.values())
if(handler.handle(m))
return;
System.out.println(m + " is a dead letter");
}
public static void main(String[] args) {
for(Mail mail : Mail.generator(10)) {
System.out.println(mail.details());



}

}

}

handle(mail);

System.out.

println( "k,

/* Wk

Mail 0, General Delivery: NO2, Address Scannability:
UNSCANNABLE, Address Readability: YES3, Address
Address: OK1, Return address: OK1

Delivering Mail © normally

kkokkok

Mail 1, General Delivery: NO5, Address Scannability:
YES3, Address Readability: ILLEGIBLE, Address Address:
OK5, Return address: OK1

Delivering Mail 1 automatically

kkok Kok

Mail 2, General Delivery: YES, Address Scannability:
YES3, Address Readability: YES1, Address Address: OK1,
Return address: 0K5

Using general delivery for Mail 2

kkkkok

Mail 3, General Delivery: NO4, Address Scannability:
YES3, Address Readability: YES1, Address Address:
INCORRECT, Return address: 0K4

Returning Mail 3 to sender

kekkkok

Mail 4, General Delivery: NO4, Address Scannability:
UNSCANNABLE, Address Readability: YES1, Address
Address: INCORRECT, Return address: 0K2

Returning Mail 4 to sender

ook kok ok

Mail 5, General Delivery: NO3, Address Scannability:
YES1, Address Readability: ILLEGIBLE, Address Address:
0K4, Return address: 0K2

Delivering Mail 5 automatically

skokkokk

Mail 6, General Delivery: YES, Address Scannability:
YES4, Address Readability: ILLEGIBLE, Address Address:
0K4, Return address: OK4

Using general delivery for Mail 6

kokokokok

Mail 7, General Delivery: YES, Address Scannability:
YES3, Address Readability: YES4, Address Address: 0K2,
Return address: MISSING

Using general delivery for Mail 7

skokkkk

Mail 8, General Delivery: NO3, Address Scannability:
YES1, Address Readability: YES3, Address Address:
INCORRECT, Return address: MISSING

Mail 8 is a dead letter

kokkkk

Mail 9, General Delivery: NO1, Address Scannability:
UNSCANNABLE, Address Readability: YES2, Address
Address: O0K1, Return address: OK4

Delivering Mail 9 normally

skkkkok

*/
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BRER PR CRO/E A AR TILAE T MailHandler MrzeHh, MUZEHYE SUIF MIRE T &R
TEGHIBE LN AT, ZEASRINF 2N AR, BEEIRDEBHITR
T, SESERIEHITRI ( AMSETRERE )

1.10.2 RAMELIRE

BOEKAURIE S FIRSIIRSH.. KA T ARG SRS, SITBHR
EEA, N—REBEET MRS, BERNESEERS., SESNTEER, &S
M IZRIBR BT A RS

SMSEHERETESNEA, FRNEASERSTA LS PRSI EFRIIR
Ao TR T REHBRRAEN (FIRESHE ), ARREERE (K2) &
E‘]E@'{j(lu\ﬁ%JA

BRRES— R B EH M AT
BRI ERTEMRIFHRSTNARGF. B, E—MeEhEX—REA:

// enums/Input.java
import java.util.*;

public enum Input {
NICKEL(5), DIME(10), QUARTER(25), DOLLAR(100),
TOOTHPASTE(200), CHIPS(75), SODA(100), SOAP(50),
ABORT_TRANSACTION {
@Override public int amount() { // RA#
throw new RuntimeException("ABORT.amount()");
}
1
STOP { // TLRRFE—/NEH]
@0verride public int amount() { // RA#
throw new
RuntimeException("SHUT DOWN.amount()");
}
+i
int value; // #¥1i%4 %% (cent)
Input(int value) { this.value = value; }
Input() {}
int amount() { return value; }; // #ixh %% (cent)
static Random rand = new Random(47);
public static Input randomSelection() {
// T &.3& STOP :
return
values()[rand.nextInt(values().length - 1)];



EREFFE A Input HEXN NS, FrLAE#OAFE X T anount() 751k, A, X
FINFEA Input JEFH amount () EREER, WREAMSHHER., REXEMESHE
HINLE (FEREOFE N —NT5E, REUNREREERSIIFEAEEMRSHHRES),
EX EMZEHIBRE T S22 .

VendingMachine ( Eiibﬁgﬁfﬁi) BRI G, E@Bid Category (55 ) MRS
X AT, ST LUESMRBETRT . FERT K ENAHEREDEE
HiEh . B TEHEN,

// enums/VendingMachine.java

// {java VendingMachine VendingMachineInput.txt}
import java.util.*;

import java.io.IOException;

import java.util.function.*;

import java.nio.file.*;

import java.util.stream.*;

enum Category {
MONEY (Input.NICKEL, Input.DIME,
Input.QUARTER, Input.DOLLAR),
ITEM_SELECTION(Input.TOOTHPASTE, Input.CHIPS,
Input.SODA, Input.SOAP),
QUIT_TRANSACTION(Input.ABORT_TRANSACTION),
SHUT_DOWN (Input.STOP);
private Input[] values;
Category(Input... types) { values = types; }
private static EnumMap<Input,Category> categories =
new EnumMap<>(Input.class);
static {
for(Category c : Category.class.getEnumConstants())
for(Input type : c.values)
categories.put(type, c);
}
public static Category categorize(Input input) {
return categories.get(input);
}
}

public class VendingMachine {
private static State state = State.RESTING;
private static int amount = 0;
private static Input selection = null;
enum StateDuration { TRANSIENT } // #®%i% enum
enum State {
RESTING {
@override void next(Input input) {
switch(Category.categorize(input)) {
case MONEY:
amount += input.amount();



state = ADDING_MONEY;
break;
case SHUT_DOWN:
state = TERMINAL;
default:
}
}
i
ADDING_MONEY {
@Override void next(Input input) {
switch(Category.categorize(input)) {
case MONEY:
amount += input.amount();
break;
case ITEM_SELECTION:
selection = input;
if (amount < selection.amount())
System.out.println(
"Insufficient money for " + selection);
else state = DISPENSING;
break;
case QUIT TRANSACTION:
state = GIVING_CHANGE;
break;
case SHUT_DOWN:
state = TERMINAL;
default:
}
}
1
DISPENSING(StateDuration.TRANSIENT) {
@Ooverride void next() {
System.out.println("here is your " + selection);
amount -= selection.amount();
state = GIVING CHANGE;
}
}I
GIVING CHANGE (StateDuration.TRANSIENT) {
@Ooverride void next() {
if(amount > 0) {
System.out.println("Your change: " + amount);
amount = 0;
}
state = RESTING;
}
+
TERMINAL {@Override
void output() { System.out.println("Halted"); } };
private boolean isTransient = false;
State() {}
State(StateDuration trans) { isTransient = true; }
void next(Input input) {
throw new RuntimeException("Only call " +

029
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"next(Input input) for non-transient states");

}
void next() {
throw new RuntimeException(
"Only call next() for " +
"StateDuration.TRANSIENT states");

}
void output() { System.out.println(amount); }
}
static void run(Supplier<Input> gen) {
while(state != State.TERMINAL) {
state.next(gen.get());
while(state.isTransient)
state.next();
state.output();
}
}
public static void main(String[] args) {
Supplier<Input> gen = new RandomInputSupplier();
if(args.length == 1)
gen = new FileInputSupplier(args[0]);
run(gen);
}
}

/] EARGRMEEAS .
class RandomInputSupplier implements Supplier<Input> {
@Override public Input get() {
return Input.randomSelection();
}
}

1] KVA ;5 Ta ol 5 & 6 Bl N
class FileInputSupplier implements Supplier<Input> {
private Iterator<String> input;
FileInputSupplier(String fileName) {
try {
input = Files.lines(Paths.get(fileName))
.skip(1) // BediE#AT
.flatMap(s -> Arrays.stream(s.split(";")))
.map(String::trim)
.collect(Collectors.toList())
.iterator();
} catch(IOException e) {
throw new RuntimeException(e);
}
}
@Override public Input get() {
if(!input.hasNext())
return null;
return Enum.valueOf(
Input.class, input.next().trim());

/* drds:

25

50

75

here is your CHIPS

0

100

200

here is your TOOTHPASTE
0

25

35

Your change: 35

0

25

35

Insufficient money for SODA
35

60

70

75

Insufficient money for SODA
75

Your change: 75

0

Halted

*/




wem | 0%

BT switch iIBAEKRZBE LA HTERREREENNARN (ER, NTHE
switch T #E(EK 2, ESERBEMHMINIRN ), FILIEHNAZ MEBLRER, &
HERNAEZ —ME “‘BEEFARAZL (HLTAKE ) #17 switch”, XE&EHEE
HERE, ESLARE—iE VendingMachine, FhexAUITEEF State T, IRFEEE X AR
VTERIEL AR BIBET switch B1E: AT, BmFEER. BHZS . XV, FEEXE
KBIAN, RETURARERBINET, EEAFEBINE . Category KIZEEXRIFRY
Input ZREIH 742, E categorize() JFIEEILAZE switch FRAE A4 24T Category, Xl
J7F— EnumMap SCEL T 3 B L2 EIA .

WIERPRRFFT— T VendingMachine 2§, ELERIEMREHIRKAI, LUK HIARIMR X
B, FREEEEIH M 72 un() 5EF, ERIEF— Input, HFES—HER
A%, BEIERBATRENEST.

VendingMachine A LA & 1 % #f R [l FY Supplier X &, DL Ff 75 ¥ Sk il .
RandomInputSupplier F 55 28 # 42 4k Al & SHUT_DOWN LN (E M A, 181 — R E A
HETE, BAENSTHT —REERE, DREERIASRERRETIRE.
FileInputSupplier #E ST AT R INE AT IR STHE, FEE1TH#JY enum SLEGI, K81
Input X%, FHEERTAER L#EHRISRI

// enums/VendingMachineInput.txt

QUARTER; QUARTER; QUARTER; CHIPS;

DOLLAR; DOLLAR; TOOTHPASTE;

QUARTER; DIME; ABORT TRANSACTION;

QUARTER; DIME; SODA;

QUARTER; DIME; NICKEL; SODA;

ABORT_TRANSACTION;
STOP;

FileInputSupplier FUMIIE SR EIX N REHFTIRIY Stream I, FFABSERETT, K5
BBt String. split() FiEKE—TEIRES ST, XERMBRER— M FRIBHE, AL
BT SRR Z B L Steam, SRJEHEST flatMap(), SREEEA (BTHE FileInputSupplier
AR BRI ) Stream R, 45 BUEMIRRFT A S, FEHR List<String>, FEMFEE]

Iterator<String>,

FREHE PR : VendingMachine FHEH State M2 SIS RIZI Y F EREB W AR ER
A, XEkE HBEFE— VendingMachine LA, XETREAR SR KIAA—KAT LR
H—ANSEBREY (AR Java ) SEHIL, SEVIESTRESAE— MAER.
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1.1 ZBOK

LR LN R E KBRS, BEARESTEMEMRE, 2000, & E— MR
TEFERAEARNER S, BEE O EHE Number . plus(Number) . Number.multiply(Number) £,
IHEALHY Number EEUEXN RRIGEHIEZ, (HESIREHNIT a.plus(b), FEHARAE agibl
BRI, aARIEE R E R 2 ERFRY?

EZ—FHARBELLIRES : Java REEHTRED KR, AR, WRIREX £ %8
RN RHTERNE, Java R Eih—NRAERASHENIH . XHARRRRSH]
HIFEER, FrLAfREA R AEFaalizRE, REESLIRE CRISISEET N,

XN FBIRRITER RSB R (HAFTRARES R, EARERE ), £5HEE
FESERANESE, FLIRIREMEERS R, MOFTRITERR: E— Rk
PESE —NARRAE, EIRARBFELE ZARMABE, BEFERLZESE, MOANE
MREEHATENEA—UOREERER NI AANZERERES, WREESNE
REBWHFHRTENER. KBESER—IERE, 8- KITERBALZEZREN
A, NRSTEEFHNEZNRE, ERFXANER, IREERE—NTELIHEREE:
BN ERERE-ISEREM. U RE (ST —4 “BE” k) NG EE
compete() Al eval(), BN ETEMERALIAIRER, FEM="AIRERFI—1:

// enums/Qutcome.java

package enums;
public enum Outcome { WIN, LOSE, DRAW }

Item BL IS A PAIRRED :

// enums/Item.java
package enums;

public interface Item {
Outcome compete(Item it);
Outcome eval(Paper p);
Outcome eval(Scissors s);
Outcome eval(Rock r);

}
BAREER Ttem EPERML TIX L 75 ERIN M SLUL :

// enums/Paper.java
package enums;
import static enums.Outcome.*;



public class Paper implements Item {
@Override public Outcome compete(Item it) {
return it.eval(this);
}
@Override
public Outcome eval(Paper p) { return DRAW; }
@Override
public Outcome eval(Scissors s) { return WIN; }
@Override
public Outcome eval(Rock r) { return LOSE; }
@Override public String toString() {
return "Paper";
}
}
// enums/Scissors.java
package enums;
import static enums.Outcome.*;

public class Scissors implements Item {
@Override public Outcome compete(Item it) {
return it.eval(this);
}
@Override
public Outcome eval(Paper p) { return LOSE; }
@0verride
public Outcome eval(Scissors s) { return DRAW; }
@Ooverride
public Outcome eval(Rock r) { return WIN; }
@Override public String toString() {
return "Scissors";
}
}
// enums/Rock.java
package enums;
import static enums.Outcome.*;

public class Rock implements Item {
@0verride public Outcome compete(Item it) {
return it.eval(this);
}
@Override
public Outcome eval(Paper p) { return WIN; }
@Override
public Outcome eval(Scissors s) { return LOSE; }
@0verride
public Outcome eval(Rock r) { return DRAW; }
@Override public String toString() {
return "Rock";
}
}

RoShamBol.match() BEU RS Item X & ENEEL, RIGELIEF Item.compete() FFIA



PATEE K :

// enums/RoShamBol.java
VA2 2 Y &)

// {java enums.RoShamBol}
package enums;

import java.util.*;

public class RoShamBol {

}

BRI RET a LR, Ht e 7F a B9 SEFR 25 B compete() & %K ik BE,
FERITTERSK. ¥ES (this)
THE—IRIRHIEE

compete () PREE
VERSEfEN eval(),

static final int SIZE = 20;
private static Random rand = new Random(47);
public static Item newItem() {
switch(rand.nextInt(3)) {
default:
case 0:
case 1:
case 2:
}
}
public static void match(Item a, Item b) {
System.out.println(
a+ "vs. "+b+":

return new Scissors();
return new Paper();
return new Rock();

" 4+ a.compete(b));
}
public static void main(String[] args) {
for(int i = 0; i < SIZE; i++)
match(newItem(), newItem());

}

XSRS ZEELE A eval() FiE,

/* Hrk
Rock vs.

Paper vs.
Paper vs.
Paper vs.

Scissors
Scissors
Scissors
Rock vs.

Paper vs.

Rock vs.

Paper vs.
Paper vs.

Rock vs.
Rock vs.

Paper vs.

Scissors

Paper vs.
Paper vs.
Paper vs.
Paper vs.

*/

Rock: DRAW
Rock: WIN
Rock: WIN
Rock: WIN

vs. Paper:

vs. Scissors:

vs. Paper:
Paper:
Paper:
Paper:
Scissors:
Scissors:

WIN

WIN

LOSE
DRAW
LOSE

LOSE
LOSE

Scissors: WIN

Paper:
Rock: WIN
vs. Paper:
Scissors:
Scissors:
Scissors:
Scissors:

LOSE

WIN

LOSE
LOSE
LOSE
LOSE

SFEE—PWER eval ) FEA, HIERET

ER. UEUSRERG, REAIE T A Ttem W RANERHETL,

WEZESRBERSELF, HE

I E R SR AL :

T, MAREEAYREABRREREE — X — MO REEL,

M BAROIRTIRT AKE,

&ZHI,

1.11.1
ANEHE RoShamBo1.java B #EEE N E TR 2RI SLHLRR A, WAﬁ%H@QE%W$

SLEIFREER, FrLATCEES: eval() JFikE - IRFEIE RS SLOIENS B EL,

B E X LR B ARSI RIREE.,

ERNERES K

A BIRYFTHE T DLR SRS Z 80 K

FEVEF PR TIBIERIIE
IRAFTEYL: “IRII%
RITE CABEF IR E " SR, EREEHZES

DRAW




—MSERBIWESEIIBE MO, FU—HERIEASE, RERHEMZE
IEHRAVEEHS :

// enums/RoShamBo2.java

/] H— A HE 5 — AR

// {java enums.RoShamBo2}
package enums;

import static enums.Outcome.*;

public enum RoShamBo2 implements Competitor<RoShamBo2> {

PAPER(DRAW, LOSE, WIN),
SCISSORS(WIN, DRAW, LOSE), /* Hrd.
ROCK(LOSE, WIN, DRAW); ROCK vs. ROCK: DRAW
private Outcome VPAPER, vSCISSORS, VROCK; SCISSORS vs. ROCK: LOSE
RoShamBo2 (Outcome paper, SCISSORS vs. ROCK: LOSE
Qutcome scissors, Outcome rock) { SCISSORS vs. ROCK: LOSE
this.vPAPER = paper; PAPER vs. SCISSORS: LOSE
this.vSCISSORS = scissors; PAPER vs. PAPER: DRAW
this.vROCK = rock; PAPER vs. SCISSORS: LOSE
b ROCK vs. SCISSORS: WIN
@Override public Outcome compete(RoShamBo2 it) { SCISSORS vs. SCISSORS: DRAW
switch(it) { ROCK vs. SCISSORS: WIN
default: SCISSORS vs. PAPER: WIN
case PAPER: return vPAPER; SCISSORS vs. PAPER: WIN
case SCISSORS: return vSCISSORS; ROCK vs. PAPER: LOSE
case ROCK: return vROCK; ROCK vs. SCISSORS: WIN
} SCISSORS vs. ROCK: LOSE
} PAPER vs. SCISSORS: LOSE
public static void main(String[] args) { SCISSORS vs. PAPER: WIN
RoShamBo.play (RoShamBo2.class, 20); SCISSORS vs. PAPER: WIN
} SCISSORS vs. PAPER: WIN
} SCISSORS vs. PAPER: WIN
*/

7E compete() J5iER, —HBPPNEBEHRHE T, A —HsHEMEREIEZIR
Outcome, #ATf1, RBAIAEREME, EEE (i) WS EFRSENGSTRFH
Hiko

RoShamBo2.java Lt IR AE AR REE T, HIUEAZERE. £, RNOA
TEER W &SRB E XN RIZEE!, 7E RoShamBol.java 1, FEEHIS A EZE
SEMSEERN. EXE, RES-ROEERTEMSGERR, E2kokANE
switch, FEXFEMELZ LN, FAKZRET switch PR HRTEE

HSkBER RN AREEMRSIR, Hith o DUk gl FrhEH, B, Competitor
(BHE ) EBOFENT —MFBE—1 Competitor TESERIZEHL
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e

// enums/Competitor.java
1/ H— AR B B — A
package enums;

public interface Competitor<T extends Competitor<T>> {

Outcome compete(T competitor);

}

RIBBATE LT HABSTTE (EASSENTRETSRMIBESHER), HE,

match() J5iEFEE T compete() J57%, 1EFiA Competitor 324+, TILIEZ|AbEEISEL
HEEE Competitor<T>, {HETE play() kA, KAISHUAFIERTE Enum<T> ( AAER
7F Enums . Tandom() {5 FE ) A Competitor<T> ( (RNEE(E4S match() ) :

// enums/RoShamBo. java

// RoShamBo =4 & #9:8 A T &
package enums;

import onjava.*;

public class RoShamBo {
public static <T extends Competitor<T>>
void match(T a, T b) {
System.out.println(
a+"vs."+b+": "+ a.compete(b));
}
public static <T extends Enum<T> & Competitor<T>>
void play(Class<T> rsbClass, int size) {
for(int 1 = 0; i < size; i++)
match(
Enums. random(rsbClass),Enums.random(rsbClass));
}
}

play() FFiER A RESE T (ENRENE, FIL, {IFIREIZAE Class<T> th AR

SRERREZEWSHGEH. RAMBERFIRERES NER, EIHIRIIBAER ErrIZaEa=.

1.11.2 EREERESX

BT % EBRETEAT AR SLOIRIRRITESII, FUEEREF RS

L%y RTEEERTTER, [BRRER LUEE X7 R T2 L BRI T N, ez
LR AR RE, EHIARTEEENERNTESLPISECE., TN, &
TFHIINERATE— A switch B,

// enums/RoShamBo3.java

/] BRFEEHET &

// {java enums.RoShamBo3}
package enums;

import static enums.Outcome.*;



public enum RoShamBo3 implements Competitor<RoShamBo3> {

PAPER {
@Override public Outcome compete(RoShamBo3 it) {
switch(it) {
default: // A7 Z#H%HES
case PAPER: return DRAW;
case SCISSORS: return LOSE;
case ROCK: return WIN;
}
}
I
SCISSORS {
@Override public Outcome compete(RoShamBo3 it) {
switch(it) {

default:
case PAPER: return WIN;
case SCISSORS: return DRAW;
case ROCK: return LOSE;
}
}
H
ROCK {

@Override public Outcome compete(RoShamBo3 it) {
switch(it) {
default:
case PAPER: return LOSE;
case SCISSORS: return WIN;
case ROCK: return DRAW;
}
}
H
@Override
public abstract Outcome compete(RoShamBo3 it);
public static void main(String[] args) {
RoShamBo.play (RoShamBo3.class, 20);
}
}

037

/* Wk
ROCK vs.
SCISSORS
SCISSORS
SCISSORS

PAPER vs.
PAPER vs.
PAPER vs.

ROCK vs.
SCISSORS
ROCK vs.
SCISSORS
SCISSORS
ROCK vs.
ROCK vs.
SCISSORS

PAPER vs.

SCISSORS
SCISSORS
SCISSORS
SCISSORS
*/

ROCK: DRAW
vs. ROCK: LOSE
vs. ROCK: LOSE
vs. ROCK: LOSE
SCISSORS: LOSE
PAPER: DRAW
SCISSORS: LOSE
SCISSORS: WIN
vs. SCISSORS: DRAW
SCISSORS: WIN
vs. PAPER: WIN
vs. PAPER: WIN
PAPER: LOSE
SCISSORS: WIN
vs. ROCK: LOSE
SCISSORS: LOSE
vs. PAPER: WIN
vs. PAPER: WIN
vs. PAPER: WIN
vs. PAPER: WIN

ERU ERIGAILUETT, Bkt AR, B, RoShamBo2. java HYJTSE
AFEFIE R A NFENABED, HEERERERE.,

Ait, RoShamBo3.java tHEJLAELA LU HA :

// enums/RoShamBo4. java
// {java enums.RoShamBo4}
package enums;

public enum RoShamBo4 implements Competitor<RoShamBo4> {

ROCK {
@0verride



0 / Un java
38 | AR - NG

public Outcome compete(RoShamBo4 opponent) {

return compete(SCISSORS, opponent);
}
+
SCISSORS {
@Override

public Outcome compete(RoShamBo4 opponent) {

return compete(PAPER, opponent);
}
+
PAPER {
@Override

public Outcome compete(RoShamBo4 opponent) {

return compete(ROCK, opponent);
}
+

Outcome compete(RoShamBo4 loser, RoShamBo4 opponent) {

return ((opponent == this) ? Outcome.DRAW
: ((opponent == loser) ? Outcome.WIN

: Outcome.LOSE));

}
public static void main(String[] args) {
RoShamBo.play(RoShamBo4.class, 20);

}

}
/* il SCISSORS vs. ROCK: LOSE
PAPER vs. PAPER: DRAW SCISSORS vs. ROCK: LOSE
SCISSORS vs. PAPER: WIN PAPER vs. ROCK: WIN
SCISSORS vs. PAPER: WIN PAPER vs. SCISSORS: LOSE
SCISSORS vs. PAPER: WIN SCISSORS vs. PAPER: WIN
ROCK vs. SCISSORS: WIN ROCK vs. SCISSORS: WIN
ROCK vs. ROCK: DRAW SCISSORS vs. ROCK: LOSE
ROCK vs. SCISSORS: WIN SCISSORS vs. ROCK: LOSE
PAPER vs. SCISSORS: LOSE SCISSORS vs. ROCK: LOSE
SCISSORS vs. SCISSORS: DRAW SCISSORS vs. ROCK: LOSE
PAPER vs. SCISSORS: LOSE */

€ 2=1=9)

LIS A5 & = R AN S EURA R compete() UATHY, EHAT T —RIILLEHER
5, PHUBLEARM switch T AR, EEMEME, AEEER, REEHATARER

G E, X—IRETRSHISERRRT 4,

1.11.3  {EF3 EnumMap 53&

{8 F EnunMap FTLASEEL “EIERY” WEES A, BEREIIN enun iHHIEH Map,
1T B AR ETE R MRS R I#e, EIGER EnumMap ZHBKHY EnumMap ( #XE EnumMap ) FTEL

SLHIER 3K




// enums/RoShamBo5. java

// 4 & EnumMap 28 5%,49 EnumMap 47 % %44
// {java enums.RoShamBo5}

package enums;

import java.util.*;

import static enums.Outcome.*;

enum RoShamBo5 implements Competitor<RoShamBo5> {
PAPER, SCISSORS, ROCK;
static EnumMap<RoShamBo5, EnumMap<RoShamBo5,Outcome>>

table = new EnumMap<>(RoShamBo5.class);

static {

}

for(RoShamBo5 it : RoShamBo5.values())

table.put(it, new EnumMap<>(RoShamBo5.class));
initRow(PAPER, DRAW, LOSE, WIN);
initRow(SCISSORS, WIN, DRAW, LOSE);
initRow(ROCK, LOSE, WIN, DRAW);

static void initRow(RoShamBo5 it,

¥

@0verride public Outcome compete(RoShamBo5 it) {

¥

public static void main(String[] args) {

¥
}

Outcome vPAPER, Outcome vSCISSORS, Outcome VROCK) {

posesm |
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EnumMap<RoShamBo5, 0utcome> row =
RoShamBo5. table.get(it);

row.put (RoShamBo5.PAPER, VPAPER);

row.put (RoShamBo5.SCISSORS, vSCISSORS);

row.put (RoShamBo5.R0OCK, VROCK);

return table.get(this).get(it);

RoShamBo.play (RoShamBo5.class, 20);

/* W

ROCK vs.
SCISSORS
SCISSORS
SCISSORS

PAPER vs.
PAPER vs.
PAPER vs.

ROCK vs.
SCISSORS
ROCK vs.
SCISSORS
SCISSORS
ROCK vs.
ROCK vs.
SCISSORS

PAPER vs.

SCISSORS
SCISSORS
SCISSORS
SCISSORS
*/

ROCK: DRAW
vs. ROCK: LOSE
vs. ROCK: LOSE
vs. ROCK: LOSE
SCISSORS: LOSE
PAPER: DRAW
SCISSORS: LOSE
SCISSORS: WIN
vs. SCISSORS: DRAW
SCISSORS: WIN
vs. PAPER: WIN
vs. PAPER: WIN
PAPER: LOSE
SCISSORS: WIN
vs. ROCK: LOSE
SCISSORS: LOSE
vs. PAPER: WIN
vs. PAPER: WIN
vs. PAPER: WIN
vs. PAPER: WIN

EnumMap 2 FH — > static{} FAIHTHIHBILAY, TTLLEZIFT initRow() AYIEHEZEML
ERHEEN , ER compete() 51k, HENFTHN—LBAIANLRET RS K.

1.11.4

(ER”4EA

BATRIE MR LAIE RS — M EENE (BT ENFRINT ), Z(EH ordinal()
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FEER, ERALE—SEBHZSR, ER - "ERERRFERNRER, @ErlLl
S R R S BRI R (TMEATRERRE, K& EnunMap AT NEREA )

// enums/RoShamBo6.java

// AT “tables” (&) mdk % %444 Enum
// {java enums.RoShamBo6}

package enums;

import static enums.Outcome.*;

enum RoShamBo6 implements Competitor<RoShamBo6> {
PAPER, SCISSORS, ROCK;
private static Outcome[][] table = {
{ DRAW, LOSE, WIN }, // #
{ WIN, DRAW, LOSE }, // %7
{ LOSE, WIN, DRAW }, // &k
1
@Override public Outcome compete(RoShamBo6 other) {
return table[this.ordinal()][other.ordinal()];
}
public static void main(String[] args) {
RoShamBo.play(RoShamBo6.class, 20);

}

}
/% B SCISSORS vs. PAPER: WIN
ROCK vs. ROCK: DRAW SCISSORS vs. PAPER: WIN
SCISSORS vs. ROCK: LOSE ROCK vs. PAPER: LOSE
SCISSORS vs. ROCK: LOSE ROCK vs. SCISSORS: WIN
SCISSORS vs. ROCK: LOSE SCISSORS vs. ROCK: LOSE
PAPER vs. SCISSORS: LOSE PAPER vs. SCISSORS: LOSE
PAPER vs. PAPER: DRAW SCISSORS vs. PAPER: WIN
PAPER vs. SCISSORS: LOSE SCISSORS vs. PAPER: WIN
ROCK vs. SCISSORS: WIN SCISSORS vs. PAPER: WIN
SCISSORS vs. SCISSORS: DRAW SCISSORS vs. PAPER: WIN
ROCK vs. SCISSORS: WIN */

(4&HE)

table (3R ) HYIFFAIRTEHOBIF YA initRow() HIIF—2L,

Mz B REIFEL, AREIRBIEEILIEFSEREEERS, BoERREER
SRE S TEMBAER, BTERERATEEREER. Kifi, EFRAEZRTHREIFENA
“grae” | PUNEEATHE. MRLE-EREE, WATRSEEHERIEERN,
FHINENA R SR A A RSN, NEFsHEl— SR BRI,

B X SR 5 R E SLE R B MARIREINR, BNAESERREMRIIRITT
£, NRBIESENHR—F, 8, BERA LRMRTREREEN, BEHHERENR,
EANEATETEERANEBNRT, BREER— TEERE. A, HEEFAFLIE
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IEfRE T table 4 A EREIT & (function object ), X TR ERAIAY A, “FRIKED
" (table-driven code ) IS 2IEH BRI,

1.12 R ERFITE

RETLLAHIER ITER ( pattern matching ) 27E switch Jegtr bt T T EZHITHEEY™
K, BRSO TESMELR, FAT Java WENMRAFESLIN, XEIE TS MERER
BRI A RIS T L Z 2 HisfT. &5, FrEREREFRE—&, B2 E T X HiEFE
(XMEREAPERNTA, B FRESTERRIIAZ Java 1),

AR SLI AT REBANEENE 2 MR E M EZ 4~ “FRE" HeaAR
=, HEBEEE NS BRSO R R LR AR RIS, T ORIE
iR, Bl A LR L RAERENC S 2] T —E—— SRS R Java 17 B IIATED
or—% BRI D B g _ Rk,

ESRRA LR B REF R RS EN KR, BREEMRT — LB L h I AkR
REYIAIER, ZRTTA A WRELL VR R 88 BRI ORI R DU FL i R O 8 (R

1.13  FiFE: switch PRIETLIE]

JDK 14 B2 H0 7 7F switch H{fi FH —FhR[ENEE M case NBE ST, 78 FEHIRBIH,
colons() FHRUEIHS T, arrows() FNEH H=:

// enumerations/ArrowInSwitch.java

// {NewFeature} Since JDK 14
import static java.util.stream.IntStream.range; /* M.
default
public class ArrowInSwitch { one
static void colons(int i) { two
switch(i) { three
case 1: System.out.println("one"); default
break; one
case 2: System.out.println("two"); two
break; three
case 3: System.out.println("three"); */
break;
default: System.out.println("default");
}
}

static void arrows(int i) {
switch(i) {
case 1 -> System.out.println("one");
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case 2 -> System.out.println("two");
case 3 -> System.out.println("three");
default -> System.out.println("default");
}
}
public static void main(String[] args) {
range(0, 4).forEach(i -> colons(i));
range(0, 4).forEach(i -> arrows(i));
}
}

7E colons() HF, PREJABEIN TEHIEAREEA N AT, &1 case BE (BRTHERE—1
default DI4h ) [EEESAE LEN_E break, Ti7EFRATE arrows() HHVE S & HATI LA,
EAEFEE break 1IB0 T . RifiiX HESSLH—EB5r TIREME .

PRABEFER— switch HR[EREE A B STk,

1.14 4. switch B[S case null

JOK 17 #1887 (Fa%8 ) ThRE, TJLUFE switch th5| AJEANIEEM case null, LIETHAE
1E switch NG E 2SN null, 41 old() HFR:

// enumerations/CaseNull.java

// {NewFeature} Preview in JDK 17
// W EWARER javac %

//  --enable-preview --source 17
// W EHAFEIEST: --enable-preview
import java.util.*;

import java.util.function.*;

public class CaseNull {
static void old(String s) {

if(s == null) {
System.out.println("null");
return;

}

switch(s) {
case "XX" -> System.out.println("XX");
default -> System.out.println("default");

}

}
static void checkNull(String s) {

switch(s) {
case "XX" -> System.out.println("XX");
case null -> System.out.println("null");
default  -> System.out.println("default");
}
[/ ETRRATE FE®:
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switch(s) {
case "XX": System.out.println("XX");

break;

case null: System.out.println("null");
break;

default : System.out.println("default");

}
1
static void defaultOnly(String s) {
switch(s) {
case "XX" -> System.out.println("XX");
default -> System.out.println("default");
}
}
static void combineNullAndCase(String s) {
switch(s) {
case "XX", null -> System.out.println("XX|null");
default -> System.out.println("default");
}
}
static void combineNullAndDefault(String s) {
switch(s) {
case "XX" -> System.out.println("XX");
case null, default -> System.out.println("both");
}
}
static void test(Consumer<String> cs) {
cs.accept("XX");
cs.accept("YY");
try {
cs.accept(null);
} catch(NullPointerException e) {
System.out.println(e.getMessage());
}
}
public static void main(String[] args) {
test(CaseNull::old);
test(CaseNull::checkNull);
test(CaseNull::defaultOnly);
test(CaseNull::combineNullAndCase);
test(CaseNull: :combineNullAndDefault);

043

/* #irdh
XX
default
null
XX

XX
default
default




XX

default

Cannot invoke "String.hashCode()" because "<locall>" is null
XX|null

default

XX|null

XX

both

both

*/

YRETLLFE checkNull() HRZE R, null BI7EFE switch FREJRIENETAR case T, B
FEIEE T 8L 8 S X R AEE,

RETBESTFET default EHEEEEN null BUfEHL, M defaultOnly() ATIFEH default
FHARESHEIA null, TMAISRIRN EAEF case null, ASARLEHELH NullPointerException &
&, Java FEFR switch R EFTATIREE, HIEESLiRIFRERE null, XEHEHREME
S RIH—ER Java RAFFAEFIFHT null K2, FIAREHSEERBEIEBL
G

RS, S FERET DURIE S AFH7E — 4> case . HUFT LUK null RIEL MR &
¥, 1 combineNullAndCase() HFT R, AFTEREIL, MEETLLE combineNullAndDefault() Hf
HOREY: case null A default &%,

1.156  FFlE: 18 switch {EARIEAL

switch —ELISKEHE—NMEA), FHRSERER, JDK 14 18 switch BAILLIES
— AR, B R DEE —AME

// enumerations/SwitchExpression.java

// {NewFeature} Since JDK 14
import java.util.*; /¥
il1l
public class SwitchExpression { j22
static int colon(String s) { k33
var result = switch(s) { i 00
case "i": yield 1; /

case "j": yield 2;
case "k": yield 3;
default: yield 0;
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1
return result;
1
static int arrow(String s) {
var result = switch(s) {
case "i" -> 1;
case "j" -> 2;
case "k" -> 3;
0;

default ->
1
return result;
}
public static void main(String[] args) {
for(var s: new String[]{"i", "j", "k", "z"})
System.out.format(
"%s %d %d%n", s, colon(s), arrow(s));
}
}

4 colon() i, FEEAIHNE SEEWRER, A LI AR yield KEBFE M
switch FUREIEE R, ERIEMA yield R, HRNEERZ] break—3Lfr AN 0 E
T break, MiMETEGIENZEEIREE BB switch X" (attempt to break out

of a switch expression ),

WK ELE switch B ER yield, wiESFESHEBIRIBE “7E switch FESH

&8 yield” ( yield outside of switch expression ),

arrow() =724 colon() MFHIRER, (EEEAERXENBESEHGH . BEE,
WE i, alIEE XM N TrafficLight.java T 35RAIH ( FBE TR EZ /I mESLILHY
hzK )

// enumerations/EnumSwitch.java
// {NewFeature} Since JDK 14

public class EnumSwitch {
enum Signal { GREEN, YELLOW, RED, }
Signal color = Signal.RED;
public void change() {
color = switch(color) {
case RED -> Signal.GREEN;
case GREEN -> Signal.YELLOW;
case YELLOW -> Signal.RED;
+i
}
}

FIRE, GNERFEARIE case BLUE HY{&#H T K BLUE JOAZ] enum Signal 1, Java MY/ RY



MR “switch FARFFARBEEFEEIRERIRIAE" (the switch expression does not cover
all possible input values ), ZRIFESEHRIEBRIDHEHER /D case,

WER— case BEL/MBARER, B ENIRE—NHESF.

// enumerations/Planets.java
// {NewFeature} Since JDK 14

/% Wl
enum CelestialBody { A planet: MARS

MERCURY, VENUS, EARTH, MARS, JUPITER, Ef’t a planet: PLUTO
SATURN, URANUS, NEPTUNE, PLUTO /

}

public class Planets {
public static String classify(CelestialBody b) {
var result = switch(b) {
case MERCURY, VENUS, EARTH,

MARS, JUPITER,

SATURN, URANUS, NEPTUNE -> {
System.out.print("A planet: ");
yield b.toString();

}

case PLUTO -> {
System.out.print("Not a planet: ");
yield b.toString();

}

I
return result;

}

public static void main(String[] args) {
System.out.println(classify(CelestialBody.MARS));
System.out.println(classify(CelestialBody.PLUTO));

}

}

R, ENSTRIBERR case BARPARLRE, MEFERTEHLEE, thE
A yield,

116 $ist. magma

JDK 16 &SR T JEP (Java BEGRERIN ) 394 IEH, HEAMERNELF, H
“&tyit instanceof HREFNULEL” ( Pattern Matching for instanceof ), WIRIREZR] T TR
ERITE, ELEAXNEFEAERAE, FRERN “BRICEZFE” (support for pattern
matching ) FTBESEEIS Y, 7F Kotlin BE 1, Z4F W E RN “EHEe%EL” (smart
casting ), EA—BEMERIEG, MAEABENEERT,



047

&
s
P
e

NERRGIFRTT LB R 53 B R RIS RIS RSB R R B R -

// enumerations/SmartCasting.java

// {NewFeature} Since JDK 16
/% di
public class SmartCasting { 4 DUMB
static void dumb(Object x) { 5 SMART
if(x instanceof String) { £/
String s = (String)x;

if(s.length() > 0) {
System.out.format (
"%d %s%n", s.length(), s.toUpperCase());
}
}
}
static void smart(Object x) {
if(x instanceof String s && s.length() > 0) {
System.out.format(
"%d %s%n", s.length(), s.toUpperCase());

}

}

static void wrong(Object x) {
/1 |7 REFRSEL:

// if(x instanceof String s || s.length() > 0) {}
// error: cannot find symbol ~

}

public static void main(String[] args) {
dumb ("dumb") ;
smart("smart");

}

}

7 dumb() H1, —H instanceof BE T x & String j5, Bt E A HEEER N
String s, B NIFLEEZREPE SIS BB AERRE, (BE7 smart() 1, &+
A= x instanceof String s HEhM String BHGIET — M EE s, s THEMERAEHER
A, BMEEFERISH 1f &, 088 s.length() > 0 Hf, XD LASEIEXERN

(VTR

M owrong() ETLLEH, 7 if BREERFAN A R AEME &8, HH || MEBRE T RE
B~ instanceof String, tHATEE s.length() > 0, {HXWELERE x HETBEARZE String,
EXFERT, Java SiAE¥: x BEeERILIER s, B s 78 || AUEART Y.

JEP 394 %4 s FRANET(ZSE ( pattern variable ),

ERAXMEF AT EEHRELRRN if 536, AXHARMAZFENER. Z
FHEEEAERICEAEERMSIAR, RERM=EE.
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// enumerations/0ddScoping.java
// {NewFeature} Since JDK 16

public class 0ddScoping {
static void f(Object o) {
if(!(o instanceof String s)) {
System.out.println("Not a String");
throw new RuntimeException();
}
/1 ek s ABAEAERBF!
System.out.println(s.toUpperCase()); // [1]
}
public static void main(String[] args) {
f("Curiouser and Curiouser");
f(null);
} VAlE %K
} CURIOUSER AND CURIOUSER
Not a String
Exception in thread "main" java.lang.RuntimeException
at 0ddScoping.f(0ddScoping.java:8)
at 0ddScoping.main(0ddScoping.java:15)

*/

1] REERIIASSIERENEARN, s AEEREF., WRERE throw new
RuntimeException(), ZRiESEEEEIRIRE TLEET [1] hEE] s— X EIRIBHE Fr i
T,

E—FBXBA bug, HEMREXARTH—IZITNTE JEP 394 thE ZRFFIIRIR
REXE LR E— MRsiEr, ([EIREEESRIEERXFTAS RN bug &8 % AR,

1.17 #FHisHE: wzUUE

DERTENEMERES ST, BIMTULE2FHINAREEEALE T, ~d
EidE, Java IR ICENEFZH, FIEAREKXITE RS (20 Kotlin, Scala, P&
Python FRRYAERLE ) #HEL, ITHEEERAEMEIR.

TERE AR, MALERTRE DK 17 FNHERE— 2R RKARBEAZENT,
(ERRER. SOREEHAN, XEFEMREEANBEIIREST, HILATRENEE
B HEROIERRP A A RRSRRIBTIRES T .

Java FIBANERFTEMA B LI, TEERIFILERS, T2EFRREBEAN Java iR
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ETHWERNZSIESIE T ETRERTR, HEERR LRI R — MEEERE

R—MARBRSERG . RITAE
IEx, %JJH EHLE,

Heh, MRAICE S T T RERT, M RERERMSHEFHERNZED, 5
AT ABRIRIAE AR R IR ZE R

BEBfTIHERE, BEiZ7 5 BN

WMRENBHIRE 2H EFLFENES, FERSERAAERER ST Wk, B4

// enumerations/NormalLiskov.java
import java.util.stream.*;

interface LifeForm {
String move();
String react();

}

class Worm implements LifeForm {
@Override public String move() {
return "Worm::move()";
}
@Override public String react() {
return "Worm::react()";
}
}

class Giraffe implements LifeForm {
@Override public String move() {
return "Giraffe::move()";
}
@0verride public String react() {
return "Giraffe::react()";
}
}

public class NormallLiskov {

public static void main(String[] args) {

Stream.of(new Worm(), new Giraffe())
.forEach(lf -> System.out.println(
1f.move() + " " + 1f.react()));

HLEE T EEREHERN ( Liskov Substitution Principle, LSP ), fEXFMERT, B UCE
VT ——HE AT BRI SR S A MR,

/* dwi.

Worm: :move()
Worm: :react()
Giraffe::move()
Giraffe::react()
*/
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FrA RIS E#R R4 AE LifeForm #2019, SLHIZSH IR AR IEMFTHITT A,

(AN SR B B R NN A AR R 2 R T IR o LN Ll s SR I /G AT AR, 1
K MRS, KIETUBA, EEEEESRERTLERELTRIMZITH, F
A R E e Worm (EHR ) BEHRHISIEL (%474 ). Java EAFIBE| T XA, FHidELU
—RhSEA T R TEELEAPRINN CATHE” U5k, RUETFRAIUSIEIZIIE, 5L
FRNARSLHL, XF7EE0E T BREHREN, ([EiEk TR,

Java (A SR B —FU/E SmallTalk IENAIE S, & &R B EA K2R
d, DULSCILIER. bl Smalitalk B HIT RRSLII—E “pet” (641 ) HRBUE
1, TEERABERRXREN:

// enumerations/Pet.java

public class Pet {
void feed() {}
}

class Dog extends Pet {
void walk() {}
}

class Fish extends Pet {
void changeWater() {}
}

FATRIFE T EA Pet BUTHREM:, FESHMRMBENSIET BT ZE. XAFETAK
Hrh—EEIK ( IEL0 NormalLiskov.java B )« ROZFAIMISETHEZE, DIES A
BERERTREEER T, EIEE T ERBREN, 2RXEMRERANER, B
A BRI, RS E T EIARKE SmallTalk BAELGEE]S | AR TESRIN Java &
g5, XMREERZ., EREBRT, XEZHAREETNBRN, EA TR AFER
SmallTalk IR A FRRIFTTTE, BERTRERFERBRENRNASOER. B2XE,
RER VU At i BB ERE MR N, iR P2 AR E RIS,

ETERLE, B Ed A SN A RS TR EF RS ARNRE, kbE
Pet 4k SR F B PR R UHIE R -

// enumerations/PetPatternMatch.java
// {NewFeature} Preview in JDK 17

// R THrE, &8 javac %

//  --enable-preview --source 17
import java.util.*;
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public class PetPatternMatch {
static void careFor(Pet p) {
switch(p) {
case Dog d -> d.walk();
case Fish f -> f.changeWater();
case Pet sp -> sp.feed();
i
}
static void petCare() {
List.of(new Dog(), new Fish())
.forEach(p -> careFor(p));
}
+

switch(p) HHY p FRNVIEFEERIAR (selector expression ), 7EFEZ UL ELHE 4 = &,
ERRANHERTENEAREE (char, byte, short Bf int), X NAJEFELFL I
( Character, Byte, Short Bf Integer ), StringE& enum KB AT EAILE, GEERE
Y REIT LA FHEM S FHEEY, HAbRIeEE3 AT AT LLZ Dog, Fish Bf Pet,

ER, XMMEEREBHREISHERM, BRFEEEAREIHNREREES
HY75iES, T2REBIE T RER case Rk,

GrPRESSRAIGINT case Pet, PRIJJIZZEATLIZEARR Dog B Fish HIIE N MR EIEHIAFTE,
HISLGAHE case Pet, switch BTCIATERSATA ALK, FELKE RN
W, EEEINE— MR, FEX S REIEHETE E D/ package F1, LIF5LEAZiHss:

// enumerations/PetPatternMatch2.java
// {NewFeature} Preview in JDK 17

// RATARE, 8 javac %%

//  --enable-preview --source 17
package sealedpet;

import java.util.*;

sealed interface Pet {
void feed();
}

final class Dog implements Pet {
@Override public void feed() {}
void walk() {}

b

final class Fish implements Pet {
@0verride public void feed() {}
void changeWater() {}

}
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public class PetPatternMatch2 {
static void careFor(Pet p) {
switch(p) {
case Dog d -> d.walk();
case Fish f -> f.changeWater();
i
}
static void petCare() {
List.of(new Dog(), new Fish())
.forEach(p -> careFor(p));
}
}

W15 Pet 12 A sealed ( ZEf, Java 15 BIAMIXET, HTFREIZHTENER
GAERY ) B, WRRABRERES “switch BARABEMAETRINBAE". &
Blrp Bk FEE R E interface Pet B LIk HABEMISCAEHRAEMZESLIL, FrLRIAT
switch IBABEMTTEM, B Pet (B sealed B9, FRIEIRMAEHAIR switch B E

T HTA T BERY Pet 2881,

R IR A SRR Z S AR R A PR 7E B — 4R AR B IR A M R
KA, FEEEREM, PEEEK Object £ A switch :

// enumerations/ObjectMatch.java

// {NewFeature} Preview in JDK 17

// RATARE, %A javac %iF:

//  --enable-preview --source 17

// RVATF java #:&i847: --enable-preview
import java.util.*;

record XX() {}

public class ObjectMatch {
static String match(Object o) {
return switch(o) {
case Dog d -> "Walk the dog";
case Fish f -> "Change the fish water";
case Pet sp -> "Not dog or fish";
case String s -> "String " + s;
case Integer i -> "Integer " + i;

case String[] sa -> String.join(", ", sa);
case null, XX xx -> "null or XX: " + xX;

default -> "Something else";
+
}
public static void main(String[] args) {
List.of(new Dog(), new Fish(), new Pet(),
"Oscar", Integer.valueOf(12),
Double.valueOf("47.74"),
new String[1{ "to", "the", "point" },

YREJ LA PEEEAERR

/% il

Walk the dog
Change the fish
Not dog or fish
String Oscar
Integer 12
Something else
to, the, point
null or Object:
*/

water

XX[1




new XX()
). forEach(
p -> System.out.println(match(p))
)i
}
}

e
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# Object ZEf& A switch FIHHME, JRIFERSERE default F7E, WRANTBER
BOgEEAE (A null RN, FRIFSRFFAERFIEN null [ case, REXFEHE

AIRERAE ).

AILUKE null B9 case f158 —FiE & FFE]—&2, 0 case null, XX xx, XEEREATLL

B, EANRSIABERLLZ null,

1172 T2

FE (guard) FEIRETCI#E—BRAMITE S, A RERPEMITEET, ©2HI
TERTLHIMA] 88 JEHY— TR . ~F LA DAREMAM/RFET, WREFEIRFRIEI case
RIZEEUER], BT THMTN trve, BIARZRLITEC LT

// enumerations/Shapes.java

// {NewFeature} Preview in JDK 17

// RV TH#E, #R javac %HiF:

// --enable-preview --source 17

// RVLTF java #7&i247: --enable-preview
import java.util.*;

sealed interface Shape {
double area();

}

record Circle(double radius) implements
@0verride public double area() {
return Math.PI * radius * radius;
1
}

Shape {

record Rectangle(double sidel, double side2)

implements Shape {
@0verride public double area() {
return sidel * side2;
}
}

public class Shapes {
static void classify(Shape s) {

/* i

Small Circle: Circle[radius=5.0]

Large Circle: Circle[radius=25.0]

Square: Rectangle[sidel=12.0, side2=12.0]
Rectangle: Rectangle[sidel=12.0, side2=15.0]
*/

System.out.println(switch(s) {
case Circle c && c.area() < 100.0



-> "Small Circle: " + c;
case Circle ¢ -> "Large Circle: " + c;
case Rectangle r && r.sidel() == r.side2()
-> "Square: " + r;
case Rectangle r -> "Rectangle: " + r;

public static void main(String[] args) {
List.of(
new Circle(5.0),
new Circle(25.0)
new Rectangle(12.0, 12.0),
new Rectangle(12.0, 15.0)
).forEach(t -> classify(t));
}
}

85— Anebnd Circle ISP DA FHET Circle 282 /N M, 5" /MEFXS Rectangle
HY<F DR T Rectangle B & EIESE,

THEHENEEZMSF TN ARG, Tank (#ETF ) TJUEERRRBRAE, mmRER
Level (¥KE ) MAIIFE 0%~100% TEEIH,

// enumerations/Tanks.java

// {NewFeature} Preview in JDK 17

// AR TFARE, #A javac HiF:

//  --enable-preview --source 17

// AVAT java #&iE47: --enable-preview
import java.util.*;

enum Type { TOXIC, FLAMMABLE, NEUTRAL }

record Level(int percent) {
Level {
if(percent < 0 || percent > 100)
throw new IndexOutOfBoundsException(
percent + " percent");
}
}

record Tank(Type type, Level level) {}

public class Tanks {
static String check(Tank tank) {
return switch(tank) {
case Tank t && t.type() == Type.TOXIC
-> "Toxic: " + t;
case Tank t && ( /7 1]
t.type() == Type.TOXIC &&
t.level().percent() < 50
) -> "Toxic, low: " + t;
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case Tank t && t.type() == Type.FLAMMABLE
-> "Flammable: " + t;
// #8% F default :
case Tank t -> "Other Tank: " + t;
by
}
public static void main(String[] args) {
List.of(
new Tank(Type.TOXIC, new Level(49)),
new Tank(Type.FLAMMABLE, new Level(52)),
new Tank(Type.NEUTRAL, new Level(75))
) .forEach(
t -> System.out.println(check(t))
);
}
}

N WRFREESSNFRAR, BHREMEENE RS NI,

HFFRNTEESS Tank (i Object ) It switch #:{E, FrLlEJ5 case Tank B9/EFEEL

T default, EANESHEEEIFTA RS LEEIEMEMRINRY Tank,

1.17.3 ZEcH

switch 1 case iIEAHIINFREE, WREXRLHI, M ZREMHIEFER

@

case " :

// enumerations/Dominance.java

// {NewFeature} Preview in JDK 17
// R Tir&, #8 javac %#iF:

// --enable-preview --source 17
import java.util.*;

sealed interface Base {}
record Derived() implements Base {}

public class Dominance {
static String test(Base base) {
return switch(base) {
case Derived d -> "Derived";
case Base b -> "B"; // [1]
}
}
}

HAEBase b THERE—NMIE, HfT[1] . BEEWNREZFT LY, EEHIITE case

@ ZFEHI dominate, NSRRI case HOFIIS& AT B ZHITURE €& 5EHAY case, RIAIANRIESE T /5

&, UHRREELFE EASBERTHINET . —FEE



Derived FUFIE , XELERE switch Bk imiB B VI MHZ] Derived T, EAEMF2ED
ik case Base fiiIK, WISREAXAM, RIFEEMESRE, “1% case IREHERIEHY case ix

ZFELT” (this case label is dominated by a preceding case label ),

FEFERST IR, IRFRSREEESERIIER, 78 Tanks java 1, 4 switch BAAT
REH case BHBIEBMWUESSH "L WERHER, IRERN-—MERALES
AT, BEENEDNSABIIEEZCRER R, SUEZANRASEERRIIE
KRBT, EEMAZEEISWEET ., FrEfEasiEZEERmE,

G AAE— MERPWER LR T 5 — MENRRIEERS, 7 AR S Bl R
B, BREMETIHRZER ST SEIRE:

// enumerations/People.java

// {NewFeature} Preview in JDK 17

// RAATHR&E, #A javac %iF:

//  --enable-preview --source 17

// AVAT java #7&iE47: --enable-preview
import java.util.*;

record Person(String name, int age) {}

public class People {
static String categorize(Person person) {
return switch(person) {
case Person p & p.age() > 40 // [1]
-> p + " is middle aged";
case Person p &&
(p.name().contains("D") || p.age() == 14)
-=>p+ " Dor 14";
case Person p & !(p.age() >= 100) /7 12]
-> p + " is not a centenarian";
case Person p -> p + " Everyone else";
I
}
public static void main(String[] args) {
List.of(
new Person("Dorothy", 15),
new Person("John Bigboote", 42),
new Person("Morty", 14),
new Person("Morty Jr.", 1),
new Person("Jose", 39),
new Person("Kane", 118)
). forEach(
p -> System.out.println(categorize(p))
)i
}
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/* Hirdk

Person[name=Dorothy, age=15] D or 14
Person[name=John Bigboote, age=42] is middle aged
Person[name=Morty, age=14] D or 14
Person[name=Morty Jr., age=1] is not a centenarian
Person[name=Jose, age=39] is not a centenarian
Person[name=Kane, age=118] is middle aged

*/

B [2] FHYF BALFA LLEELE] 118 £ RY Kane, {E/2 Kane &= [1] ILEREE] T,
EEMKFgR IR e SR AR RGBT DFRATURTZE,

WIER % & /510 case Person p, RiEEESINA “switch RIAR IR EBEF AT EE
M A", A T case Person p, WA EE default, HILEZ LAY case ERL T
default, HIT switch FISHUE Person, HEILFTEHRY case BER T ( null {3RERIN ).

1.17.4 ZB=EE

BERILE S5 SIRBEG R sealed XY, XA THEREEETHEIREA
Ve RATHIREL, RS TREE —RE:

// enumerations/SealedPatternMatch.java
// {NewFeature} Preview in JDK 17

// BAT#E, £/ javac %HiF:

//  --enable-preview --source 17

// RVAT java #7&i84T: --enable-preview
import java.util.*;

sealed interface Transport {};

record Bicycle(String id) implements Transport {};
record Glider(int size) implements Transport {};

record Surfboard(double weight) implements Transport {};

[/ FeRBUK T BXATHER:
// record Skis(int length) implements Transport {};
// ARAIFENEERIE B “switch AAXRE Z AT THeAY M AAL”

public class SealedPatternMatch {
static String exhaustive(Transport t) {
return switch(t) {
case Bicycle b -> "Bicycle " + b.id();
case Glider g -> "Glider " + g.size();
case Surfboard s -> "Surtboard " + s.weight();
+
}
public static void main(String[] args) {
List.of(



-

new Bicycle("Bob"),
new Glider(65),
new Surfboard(6.4)
). forEach(
t -> System.out.println(exhaustive(t))
)5
try {
exhaustive(null); // A&HTHREE ! // [1]
} catch(NullPointerException e) {
System.out.println("Not exhaustive: " + e);

}
} /% Hrd:
} Bicycle Bob
Glider 65
Surfboard 6.4
Not exhaustive: java.lang.NullPointerException
*/

sealed interface Transport 21yt record SLHIAY, record HEJHELE final A, switch
T35 T T BERY Transport 287 [ ELANSRIG N — MIHIREL, RIFESRMSEN LK,
FEAEEREBEERATRENER, EEM 1 TLEH, BRE—1 case, JRiEsH
FARBEF R null, WRRERICHE case null, EEILIBGIEHIVREE .. (H25H1F
BRENAEARTIR, BRERAXSEMEIRLZEER switch L,

BRI ILES T Java SRS E & — IR0, EEHEBENEM Java FrifEH
FRAE: BHFREREENS, & REEREXNEEKR Scala M Kotlin fRZRHIFMA
SRS, BN, HTFREENHEA Java BEEMEERLSEK ( X—RTUER ), 7
REREL T LE e BRI E B AR Java UL,

BEAEBH T, Java FERINLEEDRRFAE T, A, MRIKEDE DY ST
HIREIE R, BRAVREIRERE — ML Java FriR(EYTHRERIRE S BERUTHAEES . Kotlin 15
SHEERSEERILERES, iERRERA UTERAIE Java BRI,

1.18 RB45

BRI RBUR B I RERBIES:, EHET enun TLLEL24&, ZRIRR NSRS
BEA, FUABERLHE T ABHEREEIME,

B9k Java HOMIZERE L C BE C++ FFHY enun BEE 2%, 5, HEMRE—1 “/N
B (IDRE), Java EREBIBR T “£5F" TREE (BREABEM ). RiiAE
ERTR, —A N SEBELEEL RN E—ANERES T REGEIITK
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re=Sil

RAETIEWHRRIAE, ENARBHREERER, MEEEEE, msmla URE—1
R RIS 2 A ( REEEAANTEEEE ).

S FREMiEX — 5, —MNESRZIEE Java 1.0 FIRMIESE: FERARE “enumeration”,
2 ILEER ZEZHIARIE “iterator”, SRR —MMNEFIFRKERTTRIIN 5
(WMERMBE 12 BHR ), BUESEEERBIEIELREFRN “enumerator” | XME
RGN Java (EIE T, {B/2 Enumeration # O BATLIAF I E R, EHENASE
EFE-EZERE (EEE2HRE ), EUKRHEH,



X RIZ BR[O

bl m, (RAIZ AT SISBNBEILNNT | i
B —ATSEORE, (RSCIF E2EEBTIEIE. |

EGLREESH, IRALUERZESH “EM 7520k
BEEXNR, fERESIMER-ERER. BEEERE, /K
*Eﬁﬁéﬁ&ﬁﬁ%ﬁﬁ XA EERERAEBERE

mw@TW% BREABNRINRNAREREE
T%H/ X—RIFREE., AESNIRERXEEVEM.

BA BN FEREAR B ORI A E, WRIRZEE
HH2HEAHEHIES, BMRMATLLXFER: “Java B8
2" Java VT A X RARIR (BRTEARLSE ) HERES, E
REMNHEREZE T = ERRGERNRF, XEREFRE
ROREgRERR, MECREBETHRHASZ. ROiER, Java
Ei8¢, BEEREBREBEHE, Java WIEF IR —EFIRH
“SIH”, IRETLUARER “Z2i0EE"7, XR/NEEGHR
2Bt ANE 27, BEILIRARBERIRZ
MELMAHEEENZE, BEANAER=EEII.




e

2.1 f&&E5|H

LIRE— NS RESTTER, %5 BERRIARERIIX SR, A LIES N EX M E
FRHYSLIE HISRIX — 5

// references/PassReferences.java

public class PassReferences {
public static void f(PassReferences h) {
System.out.println("h inside f(): " + h);
}
public static void main(String[] args) {
PassReferences p = new PassReferences();

System.out.println("p inside main(): " + p);
f(p);
} /*
} p inside main(): PassReferences@l9e0bfd
h inside f(): PassReferences@l9e0bfd
x/

print $THIEA & Hah & A toString() J57%, [AIET PassReferences B # M Object 4k
A& T toString() ik, FHORIZITEHTENE L, Hik, XEFHAT Object HEH
tostring() 751, ITEIH T XN RWEEL, HEFEMW EXRERNGFEFRMIE (FIE5H,
iR SERRAIXS SR AR SBAE ),

MHEHTILLEL, p M h3IHEEER THE—NT%R, XEERERNTREBRRSGIEEZES
B, mEITE S — 1 HH PassReferences WEREEHEEL ., HEXESH R —MEENR-,

SIR5I&

5B ZENER E— 5 AEAER TEH—MNRERER, WETEAREIFTR,
BIZEHNRABEBELEFEBANTRETBRIEN . WRZNROEMSIAREEEF
AEENREETE, PAGREEERERSN, O :

// references/Aliasl.java
/1 —AAEEHEAG AR L

*

@ ™ 5 NN
==

public class Aliasl {

private int i;

public Aliasl(int ii) { i = ii; }

public static void main(String[] args) {
Aliasl x = new Aliasl(7);
Aliasl y = x; // #B3A // [1]
System.out.println("x: " + x.i);
System.out.println("y: " + y.i);

ncrementing x

< X HYX X

~N --




O&Z/ *YW #M%
System.out.println("Incrementing x");
X.i++; /7 2]
System.out.println("x: " + Xx.1);
System.out.println("y: " + y.i);
}
}

(1] HEAbBIEE T —METHY Aliasl 51, EFFARGHSEALFNA new SIZHIHIN £,
fiEsis T —MEENRISIAE, UG xWAE, BEIENR x Frigapybit, %
SBLET y, B x My BIEE T E— MR,

[2] & x /Y i B, v i g6, Whters.

BRIFHIfRR )T RESLRE R, MEAEXAM. FEER—MERENR, ARIRMT
=R EA ML L5 IHRIE ., XERIRBMESRAEE LR ERTERRIXE
B, A, ERESIREASEEARNRE—XIER Java HILESF
zEM@E5ARET, ERNARMAIERSIATLUER SRS (7T EERES
AIERIXTER ) :

// references/Alias2.java

/! FERARBINELHAS LTI ANL
/% W
public class Alias2 { x: 7
private int i; Calling f(x)
public Alias2(int i) { this.i = i; } xX: 8
public static void f(Alias2 reference) { */
reference.i++;
}

public static void main(String[] args) {
Alias2 x = new Alias2(7);
System.out.println("x: " + x.i);
System.out.println("Calling f(x)");
f(x);
System.out.println("x: " + x.1i);
}
}
i@%ﬂ%¢,ﬁﬁ%ﬁ?ﬁ%ﬂ %%%%ﬁ%oﬁtﬂﬁﬁﬁﬂw Wﬁﬁ%%
X , BRENERPHTH, URESEREFRH, XENFRENERBERAS

B TﬁAﬁ% Kgﬁﬁ@,B&%%#%mﬁﬁ%é#ﬁﬁﬁLﬁﬁﬁ%Elo

WERN, RARFERATEZIREE, UK/ SEERBEIENN RIS
(INEEYE ). RAOENTRIEFENSEARSIENBR, X2 “WRAGERENTH
FEBER" B—fE, Eit, GRRECESERSHIIITE, MOZuEREiEER
AL RN RIEFF B EEENR . FARMA SR HEERER, Fril&r
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BRERSE.

WMRIRETTIERANSERSFER S, R ONERERZES T T5 EINBRTIR
A, BBAREEN R IR NEE S H— NS BRI T N B TR, X RARERE
SRAERIER,

2.2 BIZEHEIR

Java FETENSMEBE S B FES AL, Watli, HIREE “— i ug”
B, VRSEPR EEBNREETHIEINPIIE X M RI—N5H. B, mRiREdz
SIFAHIT TEMEH, REEERINBRINER, L

o SIHBlERERRESHINEEIRE;

o FHEAARMNG, REKRMEIM;

o SIAHRAEAEN, WRUKSE;

o Java RIS AE R A MCRELA R

EBEEELE, Java FFARIEME X RBEBFIHERRB & AR HMRAERSRE (F120
“const” ). YRANREMREIEEMTES AR final KT, X HBEMEIEIREAZS [ FEFSH
EEB M ARERNRE,

NSRRI BT SR E R, HAERE, BAZBENRS | AEREEH
BEESHHTR. XERAE, BRANSHRMERSHRISGN. AN, ARNFERENRA
1 A B9, REEIRFTIOIE G RSB AREIAR, ASEEINBIIX SR, HE
RRIE S SR T AN B A BN S A B ARRE S, ava FFRSZRIXEAR, (B
R EALILREIHERIZER

221 (Ef%iE

XEEIH T ARBESENRSE, XWHSECREMEEREFN. XMREBHRE “EffR”
(pass by value ), E& WEURTIRWMAEMBREFHERE, XMESRENCIRERNE
4, IREEBE—ARHNEIA, MEENRER, RUOAEFIRITESNRE, 7E
BB NEX, BUWTFHNMERAENEE.

® 7ECHh, EERAESCEMNIE, BARREELR, Crr PRBEX MR, EEN TR, &EfMGE
EEREEEWITE, B, 7 Crr PTEEFEREMN S DR EEBRFEE L N LENE,



1. Java (BB EMEYR, MEEFBRZEVNIE, LIRAFIEEAERLEN, B
IR ZEARLEN—HEMIEIAR, XA RAFEEA—NEIHEN, B2INEZSH
MEIZAR, FEitt, —{IEERdEEERE, ZUSFETHEIERE: REEWNANFEERE
B ESIA (AIXNSAR ), H Java W UFERERAEE FILIR (ZEREBSEH
5% ) ZISREEEASIH. HEEN, Java IIFATFIRES RN “W8R”, ERNESIR
ERAERN, EEHERRR EETSIHE (eS8 ).

2. Java TERREARAN, FHBNEE, EEMGBENREN, FENNESIH, Fi8
TS, SIHENRI— 514, HERASINARERESIA, mEAN “FEN
BN, TERNREATEN, IRASBEZNRIAMEIA, HLRER, FENH
REMNRIE, 7 Sun ATIHNHEBIAEITZMESE — LR, BAESE 1 “REB(E
KL HIKFET byvalue ((BEIKIEASHESLIL ),

A EHAN AT RN AFAEERONL, RBEFRET HOREA: “XERTIROAE
F5IA7, RBREXNMAEAUE—RET. B2, XFREPAEE—EENE, K
T fREE S | G ERAENYRERIMER.

222 m=EWR
ERANHREER, BEEAE 2.4 TREHNSFLETE,

GENRARMEIAR, RAENRARIREERZNS, EFAEESERAENR
BAX G, —FITERFER clone() 5%, clone() 2 7EELZ Object HE LY, FFEI5IA
IR protected, VRFFETE(EMIRAEZE TN F IS4 clone() HFIAEE )Y public 75
. Blan, tREFEHRRY ArrayList 8BS T clone() 594, XFERLETLAXY ArrayList 8
clone() HiET :

// references/CloneArrayList.java
// clone() #AEAT A TH57E Java & 769V #7

import java.util.*; * by
import java.util.stream.*; /7
v: [0, 1, 2, 3, 4,5,6, 7,8, 9]
class Int { vi [1, 2, 3, 4,5,6,7, 8,9, 10]
*
private int i; /

Int(int ii) { i = ii; }
public void increment() { i++; }
@Override public String toString() {
return Integer.toString(i);
}
}

public class CloneArraylList {
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public static void main(String[] args) {
ArrayList<Int> v = IntStream.range(0, 10)
.mapToObj (Int::new)
.collect(Collectors
.toCollection(ArrayList::new));
System.out.println("v: " + v);
@SuppressWarnings ("unchecked")
ArraylList<Int> v2 = (ArrayList<Int>)v.clone();
/] V2 R R L ERAT B
v2.forEach(Int::increment);
/] BARTHEERT vt t:
System.out.println("v: " + v);
}
}
clone() 5L AL T —~ Object, #RJ51Z Object MW HN GBI, R FIE
7R T Arraylist B9 clone() J5IE AR A & H 5 21 7i f£ ArrayList FIE NN R—R
B ArrayList FIFEFERY ArrayList BRI — NN RAFESI BRI &, XE—FiEER
(shallow copy ), BIAREHIT XIS “RE" #sy. SRUEIARSAAESL R
(51, Z3IHBAMNRENS, DEREXENRABANFENS, LULIEHE, X

BERN “NWRME", SEFEXENTRZERIR, FOURENR (deep copy ).

AU FERE P ERRE IR, W v2 TR IEREmMT v, RXT Arraylist
H S S R 317 clone() AIBEENEERMRIE, HATLEFRIEX LS RE R T
(cloneable®) 19,

2.2.3 REEINAEERE

RYE clone() ZTEFTH KEHIE S Object FIE YWY, EHFEFERMALLHIEE
FRERRIT .. XEERUFAELRE, ﬁl@i:%?ﬁﬂpﬂﬁﬁzifv?i'“?*qﬂ@ 2 E RRY.
Java FRYTEFERASLER 7RIS, MRIKFERNKAESRERT], MOZE IR
RIDSRAEEE AR

1. FFE protected B9 15

N T EERIROERI T A L EEABARIRITEfE6ET], £ Object HhHY clone() JTik2
protected iy, XEBREX FHLHLEFAMHARNE GFALELFER) WERASER
FORWE, FIRMERENIFAREEBAT A, XANEERE, (RckiBdEIEH5(FRER
clone(), XLhx EREHFFIHAIRN—NMES, LLIRAIBRINRERT mEN—FH

O XHAFEZHFAEFHPHHEFR, BETE Java EFRHEXAMR, BHBEEXEOXEERAT,
R RE.
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TR, Java bRIEEHRRIRE SRR FEERT, BEIt, WRIRERA:

Integer x = 1;
x = x.clone();

IR E IR EIE S — &R M E, IBHIRAEER clone() HIARIRR ( Integer FF
KEBZTIE, ZHIETREEIAN protected frA ),

KT, GHERETE— Object NTF 2K (MBI BNE—F) 1, BARMKEEH
Object.clone() HUAFR, FENIZITIER protected 1y, MRELREE ., EIHHY clone() HY
hEeRAH, BatTIRFEMSIRES, FLFTS T ARNREERE. A2, A
TEIRIOEEERIETT B 5 1], YRAZUR BN public 1Y, B, TEMRFEIER, BFAR
LR

e & super.clone()
o EIRIITERERRIEIRL)Y public HY

IRIRTTRERFE RN TR PES clone() ik, &NHAITHIRZIRILE R clone()
(BUFER public 9T ), XERFHIRMRAEERHERIE ( 2 H T Object.clone() = AIESLHR
SHRIBIAR, EHATTREMERBERERIE ), protected 575 A —IKERANIL, FIIRE
R — DR ESTTEERE I, BREMRHIBESI RN, T MzghaE
HEMEHIIEMZE, clone() HEHETNAENT, EANTE Java FRAA BEAEIRELEF
g5/NFTIEVS AR, i, —HE— MR RER, —TIMEIRERIZEMAEER
SRR, BREAEMREER TS RERERIUE (RESHR) R “XA” wiEe

2. SCH Cloneable ¥
EilWRSIYISEB A EERE ], REE#H—L#IE: SCIUl Cloneable T, XE—
A (FRIE) #O,

Cloneable #EOMEEA M MNRERE, E—NEREE, IRATBER MR AREK A L5
RPEIAE, EFFAEEETLEEZNSR, XA LUER instanceof XEEF ( FEEME
& 10 ErhfifA T ) Sk HIZE [FHE SR RN GA Rk :

if (myReference instanceof Cloneable) // ...

HoAEEE, AEEENRITEEE —TEE, HRRERIFARERGEREN

3 E B B MY, B Object.clone() BT LA IE — 28 2 75 SLHL T Cloneable £,
A, {ESilH CloneNotSupportedException F, Bl —MEsRUd, VREPHEN L
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implement Cloneable By, LAENSZHRFTEREMIMNERIE,

224 BIITRE
—BEYREfR T LU clone() J5HERIHTT, FEREB AR HAIRNERINIZE, LUHREAER
ARHOEIARHIBEST T :

// references/LocalCopy.java
// R clone() )& A& K

class Duplo implements Cloneable {
private int n;
Duplo(int n) { this.n = n; }

@Override public Duplo clone() { // [1]
try {
return (Duplo)super.clone();
} catch(CloneNotSupportedException e) { /% b
throw new RuntimeException(e); a == b: true
} a=12
} b =12
public int getValue() { return n; } c == d: false
public void setValue(int n) { this.n =n; } c = 47
public void increment() { n++; } d = 48
@override public String toString() { */
return Integer.toString(n);

}
}

public class LocalCopy {
public static Duplo g(Duplo v) {
/] ERINR, BHT IR
v.increment();

return v;
}
public static Duplo f(Duplo v) {
v = v.clone(); // A3balk // 12]
v.increment();
return v;
}

public static void main(String[] args) {
Duplo a = new Duplo(1l);
Duplo b = g{a);
// B AARFE, FRRTRARF:

System.out.println("a == b: " + (a == b) +
“\na =" +a+ "\nb="+b);

Duplo c = new Duplo(47);

Duplo d = f(c);

System.out.println("c == d: " + (c ==d) +
"\nc =" +c+ "\nd="+d);
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B, J9T{#H clone() BEMEISIRI, M EIRN public By, EIR, FEVRHY clone() ##
TERIFFIGERSY, VAR AR AR clone(), XEE AR clone() FIZE Object HFIS e E &
HIERAS clone(), #RETLUERIZI5H:, EFENE R protected B9, AJLATEFZRHHIF,

Object.clone() MM HIZNRE LK, HAFNRAUBEREBHANE=ME, REHHE
AN —HEICEHEREH SR, XRARMES], BB 2IRHE clone() J5i&
A9, B Object.clone() FEHUTHRIE 2RI, SFeie® (TEMRBERER ) BEHE
B Cloneable [, HELE S ESSLILT Cloneable #2101, G5, Object.clone() =1l
Hi CloneNotSupportedException By, FAFIRICEN B#HfTraE, Hith, VRO try Bk,
3t super.clone() AR @R, DMK M KEAERENEE (EANKREESLI
T Cloneable #£11 ),

[1] ER A ARIRHhASREIZEL, F2 Object HY clone() JTIA R AEIR[E Object, {H
BEFA9 clone() ATLLUREIEARIREL, 7EHISEEREHI AT, RAZRHREIZEE
B TFERCAAERE, EIEE R UERERHTEIET

[2] kb, VRETLABZIRS clone() RIVEAIR[E T Duplo, FARERRAL,

7E LocalCopy FR, 757 9() Ml £() IR T 2EUEBEIR MR, 5 90 ExT5H
i, T TN G, FRET —MZIMNBNRIEIH. fO MREETSEH, ML
DT RAE, REEMEGBHINEN S, R DEEMEMEENERET, 222
ElZHWRNEIH, mASNEAENRZEEMEIER.

£ main() Y, EEXT SEUEBEIERMUTIEOZERHT T L. BERWE, Java FH
HEHEFAEERAT RN EEFRENELTHEE, =M= RIELRARMILES]
F. GRS IRABHHINEAER, BABRNHER — M5, EisE “HE" B, L
BEREERIENERN S AEGER —MNRIIMDEIE!

2.2.5 Object.clone() BYRE

& B Object.clone() WX HE A A T8t 4, LLZFEETS clone() BF1E A super.
clone() H9X — ANt EEIR? #RZE A clone() HiE MR AIBERI/NNIFIEZE, F
BT T B X R R I FTE i S G BB R R IR E . BRI, ZI5EF
RHEOIEEMEEARE S —/ Object, TR EAHIMESHINWLIRTSR (RHREER
K3, REFRENSE) AN, REBHTEH ., A XEEBMKREEREFENN
clone() MM TDSREITL, MR RANE BB SRR, Eiixa LIS,
XA SRR B T R AT SR B PR RSIRR 5. XEE, clone() FTIEELET ABIEA/NG



ERIEMEE, FEMREXHZERISTRAE R,

sigiemgE | 000

EIEEE R IZMIEF super.clone() A, XEMEEICIEBEHNEIZR, NEE
BIFETE TEM, REMOUSNTRENEMREEREREET .,

EBEBMAEEMERERT A, MFTEEERR Object. clone() BIRLAIRH R T (AL
&, FRIRZITERGEERENAS I REANE R, RATHTLUED R T -

// references/Snake.java
[/ MK, FARTI RAGPA BAFRAAIET

public class Snake implements Cloneable {
private Snake next;
private char c;
// i 89ME == H R
public Snake(int i, char x) {

c=X;
if(--i > 0)
next = new Snake(i, (char)(x + 1));
}
public void increment() {
CH+; :

if(next !'= null)
next.increment();
}
@Override public String toString() {
String s = ":" + c;
if(next !'= null)
s += next.toString();
return s;
}
@Override public Snake clone() {
try {
return (Snake)super.clone();
} catch(CloneNotSupportedException e) {
throw new RuntimeException(e);
}
}
public static void main(String[] args) {
Snake s = new Snake(5, 'a');

System.out.println("s = " + s);
Snake s2 = s.clone();
System.out.println("s2 = " + s2);

s.increment();
System.out.println(
"after s.increment, s2 = " + s2);
}
}

—2%% Snake (1% ) HIZNERAER, & —KERE Snake 288,

Viale v-F

s = :a:b:c:d:e

s2 = :a:b:c:d:e
after s.increment,
s2 = :a:c:d:e:f
*/

H X 2 — AR,



/ On Java

070/ FSTAR - NS

XEER B BIAM SRR, S BEaE - MIESHHEuERRE, EEIENO0. N
T —BRERE X — ME—IIFRIR, 554 char KBNS HSTEGIOERITERBETT A
ENprch N

increment() FIEBEIAHIN FRIN B RS, CIRIIHEAE(L, T toString() NIEEITHFTEIH S
— AR, WERTTUUEH, HEZE R object.clone() EHlT, EILEHITHIRZREIL,
GBS A, WRLEIREDL, REEEESM clone() HIAFHUTEYNIERIE,

TEEMIRAE B SEME KRR, (RIBEHFEEIEMA super.clone(), LIFHRATAEEN
HEE (4FE Object.clone() ) AT T . REXNRHFHETE I HHEX AT clone(),
755X B B | FHER G H R R by R 5 R HBI &, XAIEAEERNS AL &AFH
ERERPIWER, REET—EBIRENWES, ULEE, EERE—RIRENBE
= XBIET, clone() FHFREWIEES, EILILHEHEHSCIUXFHEANLE, RBFHRE
O SEHLX AL o

226 REASGHR

ERRERETASGN RN, SBE — AR, ROFEREHTERENRHH
clone() FEHEHIRF X & HISIAHTRE, HRIEHT A, X—R20HRE
B, ESLbE EEREN T ERRTRENL, REAFREEHRAERNFENG, BAED0
SR TS R A LB R 65 T8, DIE & EDREEFHIT & B RRE DL

THEERRIELIRE &I R EIREE I LIS :

// references/DepthReading.java
/] FIEEAXR
package references;

public class DepthReading implements Cloneable {
private double depth;
public DepthReading(double depth) {
this.depth = depth;
}
@Override public DepthReading clone() {
try {
return (DepthReading)super.clone();
} catch(CloneNotSupportedException e) {
throw new RuntimeException(e);
}

}
public double getDepth() { return depth; }

public void setDepth(double depth) {
this.depth = depth;
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}
@0verride public String toString() {
return String.valueOf(depth);
}
1
// references/TemperatureReading.java
/] et i
package references;

public class TemperatureReading implements Cloneable {
private long time;
private double temperature;
public TemperatureReading(double temperature) {
time = System.currentTimeMillis();
this.temperature = temperature;
}
@Override public TemperatureReading clone() {
try {
return (TemperatureReading)super.clone();
} catch(CloneNotSupportedException e) {
throw new RuntimeException(e);
}
}
public double getTemperature() {
return temperature;
}
public void setTemperature(double temp) {
this.temperature = temp;
}
@0verride public String toString() {
return String.valueOf(temperature);
}
}
// references/OceanReading.java
/] RELAXN %
package references;

public class OceanReading implements Cloneable {
private DepthReading depth;
private TemperatureReading temperature;
public
OceanReading(double tdata, double ddata) {
temperature = new TemperatureReading(tdata);
depth = new DepthReading(ddata);
}
@Override public OceanReading clone() {
OceanReading or = null;
try {
or = (OceanReading)super.clone();
} catch(CloneNotSupportedException e) {
throw new RuntimeException(e);
}
/] SSRFETES] A



or.depth = (DepthReading)or.depth.clone();
or.temperature =
(TemperatureReading)or.temperature.clone();

return or;

}

public TemperatureReading getTemperatureReading() {
return temperature;

}

"public void

setTemperatureReading(TemperatureReading tr) {
temperature = tr;

}

public DepthReading getDepthReading() {
return depth;

}

public void setDepthReading(DepthReading dr) {
this.depth = dr;

}

@override public String toString() {
return "temperature: " + temperature +

", depth: " + depth;

BIZEFRATAT AR JUnit SR T

// references/tests/DeepCopyTest.java

package references;

import org.junit.jupiter.api.*;

import static org.junit.jupiter.api.Assertions.*;

public class DeepCopyTest {
@Test
public void testClone() {
OceanReading reading =
new OceanReading(33.9, 100.5);
/] AT
OceanReading clone = reading.clone();
TemperatureReading tr =
clone.getTemperatureReading();
tr.setTemperature(tr.getTemperature() + 1);
clone.setTemperatureReading(tr);
DepthReading dr = clone.getDepthReading();
dr.setDepth(dr.getDepth() + 1);
clone.setDepthReading(dr);
assertEquals(reading.toString(),
"temperature: 33.9, depth: 100.5");
assertEquals(clone.toString(),
"temperature: 34.9, depth: 101.5");
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DepthReading #{] TemperatureReading {RAE(L, EfTEIRGSEARI R, Etb, clone()
FFER LR 18 super.clone(), REREIGER, FE, XMEMN clone() KIEER
2HEFEM.,

OceanReading & A DepthReading ] TemperatureReading X &2 4H & i pkHY, HE kL, ESCIL
REEDL, 'BHY clone() FAZRTEME OceanReading INENIFRE 5 H . BERAXIATSS, super.
clone() Y45 ER A JEE R A) OceanReading &R ( XA B LL5 7] depth FI temperature HY
51H ).

2.2.7 FIENW Arraylist
HESLEEARZERUAHEH I CloneArrayList.java, X—¥ Int2 52 FEENT,
Etk ArrayList B] AT EE DL

// references/AddingClone.java

/] EHAERARMIBTHEF, KREXRETH

import java.util.*;
import java.util.stream.*; /% gl
x =10, x2 =11

class Int2 implements Cloneable { v:[0,1 2, 3,4 5 6,17, 8, 9]
private int i; v2: [1, 2, 3, 4,5,6, 17, 8,9, 10]
Int2(int ii) { i = ii; } v: [0, 1,2, 3, 4,5,6, 7, 8, 9]
public void increment() { i++; } */
@Override public String toString() {

return Integer.toString(i);
}
@Override public Int2 clone() {
try {
return (Int2)super.clone();
} catch(CloneNotSupportedException e) {
throw new RuntimeException(e);
}
}
}

/] WAFRAHBHRT LM,

class Int3 extends Int2 {
private int j; // AHHIATE A
Int3(int i) { super(i); }

}

public class AddingClone {
@SuppressWarnings ("unchecked")
public static void main(String[] args) {
Int2 x = new Int2(10);
Int2 x2 = x.clone();
X2.increment();
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System.out.println(
"x ="+ x4+ ", x2=" 4+ x2);
/1 SRR EATE Y R T L
Int3 x3 = new Int3(7);
x3 = (Int3)x3.clone();
ArrayList<Int2> v = IntStream.range(0, 10)
.mapTo0bj (Int2: :new)
.collect(Collectors
.toCollection(ArrayList::new));
System.out.println("v: " + v);
ArrayList<Int2> v2 =
(ArrayList<Int2>)v.clone();
/] AEZEENTE:
IntStream.range(0, v.size())
.forEach(i -> v2.set(i, v.get(i).clone()));
/1 3 v2 P E A FE AT R A0
v2.forEach(Int2::increment);
System.out.println("v2: " + v2);
/] ARRBFRET v EIHHALE:
System.out.println("v: " + v);
}
}

Int3 4k H Int2, FFREMT —MEFIEALEEA int j. (RARRSIANANTE
HIKEE clone() IR j EH T, EHREXE, 7EFEHAH Int3 Y clone() Bf, HRN
ERETE AR Int2 19 clone(), SCPr_EVEFIAYE Object.clone(), EHRMZ] AL /EFHHRY
B Int3, F3T Int3 T THMER . RERNEINFERERSIHE, X Object.clone()
H—E B ET BT E D ENES], Kb clone() & NFEREBREMH L ARK
&,

B B DL Arraylist, FEX AM: EREAmmaylistJ5, EFEH - L RE

ArraylList FriBAIINE — A5, ANERERES LU0 HashMap IXFERIA Y, IRIEFEEDITIRI
HIERIE,

ARG NI ERASLE AT . —HEE T — %R, FREAI LIS B4R T
BT, MENRASZERM,

2.28 BIERIMMHTHREN

SSTARABAE Java HUXMTRFFIM (UM E), IRATRERAHL, MEX — rigseit
FRIL, BRERFSI, BABS ERRREET,

AR AT R FMERSIBURE IR FE RO FFIT R B A, Lk
REHEE AR
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// references/Compete.java
import java.io.*;
import onjava.Timer;

class Thingl implements Serializable {}

class Thing2 implements Serializable {
Thingl t1 = new Thingl();

}

class Thing3 implements Cloneable {
@Override public Thing3 clone() {
try {
return (Thing3)super.clone();
} catch(CloneNotSupportedException e) {
throw new RuntimeException(e);
}
}
}

class Thing4 implements Cloneable {
private Thing3 t3 = new Thing3();
@Override public Thing4 clone() {
Thing4 t4 = null;
try {
t4 = (Thing4)super.clone();
} catch(CloneNotSupportedException e) {
throw new RuntimeException(e);

}

075

/] ST FBALBAT A
t4.t3 = t3.clone(); /* o

return t4; Duplication via serialization: 385 Milliseconds

} Duplication via cloning: 38 Milliseconds
} */

public class Compete {
public static final int SIZE = 100000;
public static void
main(String[] args) throws Exception {
Thing2[] a = new Thing2[SIZE];
for(int i = 0; i < SIZE; i++)
ali] = new Thing2();
Thing4[] b = new Thing4[SIZE];
for(int i = 0; i < SIZE; i++)
b[i] = new Thing4();
Timer timer = new Timer();
try(
ByteArrayOutputStream buf =
new ByteArrayOutputStream();
ObjectOutputStream oos =
new ObjectOutputStream(buf)
) {
for(Thing2 al : a) {
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oos.writeObject(al);
}
/! RAEFKBE A
try(
ObjectInputStream in =
new ObjectInputStream(
new ByteArrayInputStream(
buf.toByteArray()))
) {
Thing2[] c = new Thing2[SIZE];
for(int i = 0; i < SIZE; i++)
c[i] = (Thing2)in.readObject();
}
}
System.out.printin(
"Duplication via serialization: " +
timer.duration() + " Milliseconds");

/] RERXLE:

timer = new Timer();

Thing4[] d = new Thing4[SIZE];

for(int i = 0; i < SIZE; i++)
d[i] = b[i].clone();

System.out.println(
"Duplication via cloning: " +
timer.duration() + " Milliseconds");

}
}

Thing2 A1 Thingé E& THEXN %, ATLIEEHIT—HIREIEEIE, Serializable 28
HASHE, HEEERENSINEIERESIEN], BN, FEREFRTENRES, K
METEES, (HESIRINSREHIRERENEE,

ER, R E B REE - MER.

229 EHEABREEPENTREEFEDTES

SRR T —EIE, UHEAEBIAR Object, FIBIARTEET MR,
NERR B IET e, SRS BE %A, [BIRE AR BRRES A RIER
—EEIZAE S, TEAZEIAE TR RS RE RS, REBUXH

// references/HorrorFlick.java
/] BB R M R AT — BT R

class Person {}
class Hero extends Person {}

class Scientist extends Person implements Cloneable {
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@Override public Scientist clone() {
try {
return (Scientist)super.clone();
} catch(CloneNotSupportedException e) {
throw new RuntimeException(e);
}
}
}

class MadScientist extends Scientist {}

public class HorrorFlick {
public static void main(String[] args) {
Person p = new Person();
Hero h = new Hero();
Scientist s = new Scientist();
MadScientist m = new MadScientist();
//- p = (Person)p.clone(); // %if4iz
//- h = (Hero)h.clone(); // %i&E4i%
s = s.clone();
m (MadScientist)m.clone();
}
}

nou

TE AR R IR GE TR IR AT pa P 2 AT, Rk eR = PH IR 1T5a /&, 7EXT Scientist
IMA R Za g /G, Scientist XEWIFAERMEE A RERN T, EE Scientist 1
clone() JR[EIHYR Scientist, [7EFIfE MadScientist iY, BFFREIEECHREEITE, M
REH T4 E Scientist B9 clone(), HEILFZEREAL,

2210 At4RXFEFEAKRT

MR MR BAREERREGE, BRENEHIREE., RAESEE, A4S
XER, XIS RERR R ATR?

iy

B4, Java A TEGIEAEEMEITHN—MES, MEANEEEBEERE
RETZBENF. ¥ TXENBRIES, LEFRARBRETMANSZEREEN. Hit
clone() R EI THRE Object i, (EREZHTE public 759, AR Al DAFa P& NS
&, XEBRERERENGN, ENFLRTEHRIAEE?

Y Java A TERMWEES G, FEMTBEBART. BA, ZLFEEHIEHI,
FHXEREEANROGER, mRFAR—ER I ER A LS SRR Z 2ERR
%R EIIRATUESIREAB R ZERE T BB TIFZ40 T : Object HHHY clone() ILFEE
protected BT, YRANMEETE, FFESLHI Cloneable M, HMELEFRE,

EEFENE, IKREEFEEA object 1Y clone() AR 7 #ZRSLHI Cloneable #£
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M, EREFESERTRETRE, FHRIRIIZESLILT Cloneable £211,

2.3 EHITTEE

YRE] BE AR IS T B b clone () J5IARURBCA private SRESBRFI i fEdE, (HIXH
HATAE, BEAMRTGERER— B E TEENITIEEF LT 5RE, &, #=H—
SRR R NEN, XEA — LA HRTESRE KRBT R,

1R (AR ), IRARMEMRITEEARRIAE, XEREIRIIRTEN I,
(BEEIAREL A U BB AR I EERE . X R TEBRIARY Object . clone() ATLLYS
KR A FEHT S ERIENNEA B A,

2. 37 #% clone(), SCHA Cloneable #E[IFFEE clone() J5ik, TEEEEHY clone() JFiLH,
EE A super.clone() FHIRFTAENER (XEIRESH clone() ZF A=HEMRE ).

3. WS R alE, MERPEKFEREAEMNERNEIHE, ZRIUEEARERN,
WETRERE (BIANZREE2 ), FAMRM clone() HEAILIRBREFARFASI AR,
BECIHEEMNEREREEAERR, fill, BR—FsREREE SR ERAT
AX BNk ArTayList, 7ERE XEEH) Arraylist B, (RIFRAEIERERF R AHK
NAFhxSS, EHIRIFAREXEN R BT A AFE,

4. RSLH Cloneable # , {HE ¥ clone() 5 N protected Y, FLUE A TR
EXBINEREEFN, X, NZEMERWEMEETTLUIES clone() FiEA super.
clone() SRSCINEHIE HI1T A, FERIRIISCIIA L E M IZ A super.clone(), REIZTT
HEHARSHOE Cloneable FIXTSR ( BRIFELSHIH TR ), EANEEASEEEIRSHIRE K5
HRtsR YRR, TRSBEEANTFERAR, HEORBEEETE, FRMTES
Il Cloneable #£11,

5. 1t RSLPI Cloneable # N FHES clone(), HEHEIMHER, kREBEARE. X
BRI KT H1E H B EE L clone() FRIEH super.clone() N /F & pkzh. &0, 2
FF R AT RE SIS IR

6. BN final By, DALPEIEFERE, @R clone() BABEMRLES, BAE
SRRENES ., NEWESS, AAMRBIKES, Filit CloneNotSupportException F
Y MO final EME—GHER LUE IE R R, WoN, EREZENRES, SEMIR
EEpEH QRN S BNIGE T, BITEEREN private 19, FFHEH—IEHE 1
LIS EOR AT SR, KR, XEeTT R AT LR QN RV E RO SRS

TEX A REIER T SLOEE, REERRERERTEE X" HEMITE:



// references/CheckCloneable. java
/] BE—ANFARETALE
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/I Rk ABE—KEE clone() : /B
Attempting IsCloneable

Cloned IsCloneable
Attempting WrongClone
Doesn't implement Cloneable
Attempting NoMore
Could not clone NoMore
Attempting TryMore

class Ordinary {}

// &35 clone(), £%# Cloneable & .
class WrongClone extends Ordinary {
@Override public Object clone()
throws CloneNotSupportedException {
return super.clone(); // 735

} Could not clone TryMore
} Attempting BackOn

Cloned BackOn

/] EE A Attempting ReallyNoMore

class IsCloneable extends Ordinary

implements Cloneable { “

Could not clone ReallyNoMore

@Override public Object clone()
throws CloneNotSupportedException {
return super.clone();
}
}

// B FFERKA AL
class NoMore extends IsCloneable {
@Override public Object clone()
throws CloneNotSupportedException {
throw new CloneNotSupportedException();
}
}

class TryMore extends NoMore {
@Override public Object clone()
throws CloneNotSupportedException {
// AR NoMore.clone(), #hF%:
return super.clone();
}
}

class BackOn extends NoMore {
private BackOn duplicate(BackOn b) {

/] ERFXAERD HSIK, FERIZI K, BANKERMNR, REDTEH.

return new BackOn();
}
@O0verride public Object clone() {
// *3iAM NoMore.clone() :
return duplicate(this);
}
}

/] WRFEEwAKIZE, BfiEEE BackOn F—# %5 clone() :
final class ReallyNoMore extends NoMore {}
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public class CheckCloneable {
public static
Ordinary tryToClone(Ordinary ord) {
String id = ord.getClass().getName();
System.out.println("Attempting " + id);
Ordinary x = null;
if(ord instanceof Cloneable) {
try {
x = (Ordinary) ((IsCloneable)ord).clone();
System.out.println("Cloned " + id);
} catch(CloneNotSupportedException e) {
System.out.println(
"Could not clone " + id);
}
} else {
System.out.println("Doesn't implement Cloneable");
H
return X;
}
public static void main(String[] args) {
// @A
Ordinary[] ord = {
new IsCloneable(),
new WrongClone(),
new NoMore(),
new TryMore(),
new BackOn(),
new ReallyNoMore(),
i
Ordinary x = new Ordinary();
// EHRE%E, B Object ¥4 clone() & protected #:
//- x = (Ordinary)x.clone();
/] kHhFTiZERTEAT Cloneable # 1
for(Ordinary ordl : ord) {
tryToClone(ordl);
}
}
}

&5 — /2 Ordinary (3R T ERAITEAB ST AR : RZRFE, (HHRSHEH,
R AT, (ERMRIREE — O BE7E R SR AE R A b FE BT Ordinary 5|
F, NIfRHRAEE RS,

WrongClone iR T — MR ERISLII SRS, BHSLES T Object.clone() FF
W E A public [, {EEFFASII Cloneable $0, PEIZEVEA super.clone() i (=52
JEFE Object.clone() ), =HiH CloneNotSupportedException F, AFLUXFETREREAITHY,

IsCloneable SCE T HHfEFT BT A IEHERE, EE T clone() FSLIL T Cloneable #£[1, A
1, % clone() F5IELL KA fE TR YA T-E At clone() FHEFEAH#A CloneNotSupportedException
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RE, MEREREEEATHERAE, AAZELIMA try-catch JUETTEEEER, 7ER
H LI clone() 1, —RFREFEZITIAAERHZA CloneNotSupportedException B, i
ARBERET L. MHEEREER, EAPIHRREEETERANTEEESEANEER.

NoMore IR [E < TEFEREST, EEAIE Java i HE{(IHHAN S & FEF25HY clone()
J5 =Rl CloneNotSupportedException B . TryMore 25H1MY clone() SEIEHAHIER T
super.clone(), X#E[ T NoMore.clone(), Bt THE, PHIE Tk,

EE2MREFRZFFEEEEEESH clone() HIEF super.clone() X4~ “IEH”
HEE, X=ERFEE? 7£Backon 1, AILIERXENMAEERN, Z2KE@EL —NEMD
duplicate() J3IEGIE T — M YRIXNRIIBIZAR, F7E clone() HIEA TX1M5EE, AL
super.clone() 5k, BE KT ASHEIIH, MHFHHRERIBEATREN. RIEEKREDH
FHORE AR ATFERNZE, E—H—RHINERB ReallyNoMore HBEE, FH final Sff&
M2, FEEIDIEHMER, XERELR final Z579HY clone() JFIEHIH T BE, 1ZI51AE
TR AAECREN, WAL T RE (EWREREWF, RIEEERN—ENE LR
I IEF Object.clone(), VREEPRAEITINAEIEF super.clone(), ZAFIERBEHIAEREN L
—BEEX), Hit, WRREEREMSRZERBPZE, XL final 19,

CheckCloneable FHHYEE — 7515 2 tryToClone(), EHEZUL(EE Ordinary W RENS
%, FEL instaceof KB IZN R RGN REN., MRE, ESBENRA LEEA
IsCloneable, M clone(), FFRiZESREETI[E] Ordinary 288Y, MESHREMREE. EE
XEMZ TR (WEMES 10 8T ) RERELMERTE,

fEmain() HHHYE A E L E, 612 T ARKERY Ordinary X R IFE1TA LAy
Ordinary, BE/ERIFITRIBAIE T —MNEZHI Ordinary WRIFHE R E .. Rid, XER
W Feik4miE, ENTE Object HH, clone() 2 protected fY5E, X BAUIDAITRI & ET 43X
BART TR, HFEHAEEENNSR, DRSS ENERERIEERK,

BEIHPEAESS, MRIREE-DAEERE, WHRE:

1. SCHY Cloneable #£[1;

2. 5 clone() J5ik;

3. £ clone() J57:iEA super.clone() J5i%;
4. 7E clone() JTHEHHIIRFH .

X REBIA BRI ERIRUR.
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SHIERS

FERENHELEN S T8, EEREEMMRARE? —# (RIERY) 75
KZEFEREFGIL, WARE 2.2 TR, B—MARESLI—NETHTAENREIARIE
HEER, 7E C++ B, XNVESHMIERS (copy constructor, XARFEDIMIEES, BI&AIEY
SEIARREESE ), FEBHTERER, BERUEMZZER, HRRERD:

// references/CopyConstructor.java
/] ERAF—A R AR X R G I E R HEE
import java.lang.reflect.*;

class FruitQualities {
private int weight;
private int color;
private int firmness;
private int ripeness;
private int smell;
1/ (CEoARAD)
/] RAEMESE:
FruitQualities() {

/] Sesb vk ARy L TRIE AR

}
/] RAeMEE .
/...

/! RS
FruitQualities(FruitQualities f) {
weight = f.weight;
color = f.color;
firmness = f.firmness;
ripeness = f.ripeness;
smell = f.smell;
/7 (ERA)
}
}

class Seed {
/] mAE (%)
Seed() { /* RAMEE */ }
Seed(Seed s) { /* E##HEE */ }
}

class Fruit {
private FruitQualities fq;
private int seeds;
private Seed[] s;
Fruit(FruitQualities g, int seedCount) {
fq = q;
seeds = seedCount;
s = new Seed[seeds];
for(int i = 0; i < seeds; i++)
s[i] = new Seed();
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}
/] EAMER.
v
/] EHMESE.
Fruit(Fruit f) {
fq = new FruitQualities(f.fq);
seeds = f.seeds;
s = new Seed[seeds];
// BRFTAE Seed AHMEE .
for(int i = 0; i < seeds; i++)
s[i] = new Seed(f.s[i]);
/] BAME R AT
}
/] BHETOMERAMMES (R FE) ZARR Y qualities (HAKHK):
protected void addQualities(FruitQualities q) {
fq = q;
}
protected FruitQualities getQualities() {
return fq;
}
}

class Tomato extends Fruit {
Tomato() {
super(new FruitQualities(), 100);
}
Tomato(Tomato t) { // AH#MER
super(t); // @LHRALEHMER
/] BHMERAIITA
}
}

class ZebraQualities extends FruitQualities {
private int stripedness;
/] REHEE.
ZebraQualities() {
super();
/] A Hes AR AL TR T A
}
ZebraQualities(ZebraQualities z) {
super(z);
stripedness = z.stripedness;
}
1

class GreenZebra extends Tomato {
GreenZebra() {
addQualities(new ZebraQualities());
}
GreenZebra(GreenZebra g) {
super(g); // 74 Tomato(Tomato)
// WEEHE qualities
addQualities(new ZebraQualities());



public void evaluate() {
ZebraQualities zq =
(ZebraQualities)getQualities();
// %ok —F 4 qualities #9845
/] ...
}
}

public class CopyConstructor {
public static void ripen(Tomato t) {

/] BB “EHMEE .

t = new Tomato(t);

System.out.println("In ripen, t is a " +

t.getClass().getName());
}
public static void slice(Fruit f) {
f = new Fruit(f); // "B ...... X#4FFED?
System.out.println("In slice, f is a " +
f.getClass().getName());
}
@SuppressWarnings ("unchecked")
public static void ripen2(Tomato t) {
try {
Class ¢ = t.getClass();
/] R CERMEER
Constructor ct =
c.getConstructor(new Class[] { ¢ });
Object obj =
ct.newInstance(new Object[] { t });
System.out.println("In ripen2, t is a " +
obj.getClass().getName());

} catch(NoSuchMethodException |
SecurityException |
InstantiationException |
IllegalAccessException |
IllegalArgumentException |
InvocationTargetException e) {

System.out.println(e);
}
}
@SuppressWarnings ("unchecked")
public static void slice2(Fruit f) {
try {
Class c = f.getClass();
Constructor ct =
c.getConstructor(new Class[] { c });
Object obj =
ct.newInstance(new Object[] { f });
System.out.println("In slice2, f is a " +
obj.getClass().getName());

} catch(NoSuchMethodException |

SecurityException |

// [1]

// [2]
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InstantiationException |
IllegalAccessException |
IllegalArgumentException |
InvocationTargetException e) {
System.out.println(e);
}
}
public static void main(String[] args) {
Tomato tomato = new Tomato();
ripen(tomato); // OK
slice(tomato); // OOPS!
ripen2(tomato); // OK
slice2(tomato); // OK
GreenZebra g = new GreenZebra();
ripen(g); // OOPS!
slice(g); // 00PS! /* Wd
ripen2(g); // OK In ripen, t is a Tomato
slice2(g); // OK In slice, f is a Fruit
g.evaluate(); java.lang.NoSuchMethodException: Tomato.<init>(Tomato)
} java.lang.NoSuchMethodException: Tomato.<init>(Tomato)
} In ripen, t is a Tomato
In slice, f is a Fruit
java.lang.NoSuchMethodException:
GreenZebra.<init>(GreenZebra)
java.lang.NoSuchMethodException:
GreenZebra.<init>(GreenZebra)
*/

R —FHEERREE Sa R, R, KR (fwit) HERESE (qualities), H
BAMAAREEER X R RS R EERE Fruit 2800087 FEFIWNHNEERRE,

1. AT BTFEASEREX T RS, = Fruit H78 ) protected Y7574 addQualities(),
BAER DL FRRFERRLE TR, (RAGESTESENEIERNIZZTE Fruit LIl —
A~ protected 58S, FELL FruitQualities (E NS HL, HEWMEREFTIEME, FiLlE
TIETEMRRER G B ERNERFER ), BBk R RESEHTE— B
Mkeh, BEEREANARMARRBES, FJREARDHREE, SEEREMEER
Fruit o5 A& oy A AR IR R 2 2R RE

2. % FruitQualities SLEL A — N EHEIRAYZE, A LU /RIE o 48 & F 2 2 N # B9
qualities BGRZEH T A, HRE, X F GreenZebra ( &L, XEHE— MMM )
Sed, MiEkE2E A T addQualities() J5 ik, FF M HE £ A H FruitQualities Jk 4= ffi >k HY
ZebraQualities X 5, [ 1% W 5 A DL#% W (B 2 B 28 & ) HJ FruitQualities 51 E.
GreenZebra 7E{E XA FruitQualities FURE, MUK E A FHENEFAYETL ( EAR
£ evaluate() HARFIL ), {EFRIZBEAIESLIRAYZEALRE ZebraQualities,



e

TRIREES| Seed 28, 1fi Fruit ( HHE XA HCH seeds ) NIFFE —1 Seed 4,

BE, BRI REE—MEFWERE, B EEEEERERMERNSINES]
EER, DASCHIGRE DL, CopyConstructor AR IR & HfaE2S 1T 7 M

[1] ripen() LA Tomato A28k, FHAESLH TEHIMIERUERIZN RIVEIZ.,
[2] slice() AEE{Z/LIY Fruit WS AMERS, FRFEAR TZNRAVEIR,

7E main() B, FRATEFARRELER Fruit X AREHT TRHK. ME A DIE S &3
Fi e, slice() R E HIMS1E 2 XT Tomato K ATEF G, HiHHIES RN EZ Tomato X,
ifi 12— Fruit, BEEAELRT Fr A tomato WHEE, FFH, {#H GreenZebra FIH &,
ripen() # slice() > BIK E L AL T Tomato F Fruit, FEIMIRENE, 7E Java FHERAES
M BRI T R SRSLHL A H T REIARICIE, NBITHS HAR—MNFRIEEE.

R4 C++ BEILL, T Java BEATT?

SHIMEREE Cr+ W—NEEHRES, EATANREOET ARMEIA. K
ZHIMRBIRE, X3 Java RiGTAE, XEATAR? 7 Java i, BRI —LIES
ES5IM, {B7E C++ 1, IRETLURIRMSIHRISLER, WADIE#EENR, XME C++
WEGIMESNER: BRNSRITEERERE, NTERIZYSR, EIE C++ FEH
DIEE T, (HREISEXMITERE Java XK, FUARERM.

2.4 FEIE%

ESR clone() AR AMEIARTEABNZ R T LA HBENER, EXHRRER
R (ZFEREE ) BEEN S AR SBHEIERAR. IRIRECE—EEER
AR A ZWE, UETFRERREKEEHSEERNMTIEE, XaEFE? RE
ARREE G AR, ERAIER A RFIAS A ENERE (e A ERNNRE
#), FEEAERREEIERTE?

—MERAR (BEARERAREES THA) RUEETREANATENR
(immutable object ), #RETLARE L —42, HPEESEREERNERHNERE. 514
BIZEXREHE T RSB, EARRBEZERARRES (IR ER), bl
SEARAGRS Al — IS REB RS H TR, ABARASHIA-,

Java FREEEFRRT BT A EARKRIERM T A %K, XALMEARAIZEX REE R
R, IRETREEBAITIX— 5, B Arraylist ( HBERE Object 5IA ) XHME
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PRHREGE int, IRBER int WREFREETH] Integer 2800, IHACHIE R BT H B3
FESRSCINHY :

// references/ImmutableInteger.java
// Integer £RTHAZ

import java.util.*; /*
import java.util.stream.*; i?' 1,23 4,5, 6, 1, 8, 7l

public class ImmutableInteger {
public static void main(String[] args) {
@SuppressWarnings("deprecation”)
List<Integer> v = IntStream.range(0, 10)
.mapToObj (Integer: :new)
.collect(Collectors.tolList());
System.out.println(v);
// A2RAREHEK Integer W3R int 7
}
1

Integer 2 ( HBFTBEARERN “BF" Kh—F) U—FREREMNSNEZIT A
AR WRNERA R AV IRESOZ S RAVTTIE

WRIRBASL TR E —MNORFA — MO IR B EAR LR, MOZECAE, EHFX
TR

// references/MutableInteger.java

/] TEOEE
import java.util.*;
import java.util.stream.*; /* Hrk .
[0, 1, 2, 3, 4,5, 6, 7, 8, 9]
class IntValue { [1, 2, 3, 4, 5,6, 7, 8, 9, 10]
private int n; */

IntValue(int x) { n = x; }
public int getValue() { return n; }
public void setValue(int n) { this.n = n; }
public void increment() { n++; }
@Override public String toString() {
return Integer.toString(n)
}
}

public class MutableInteger {
public static void main(String[] args) {

List<IntValue> v = IntStream.range(0, 10)
.mapToObj (IntValue: :new)
.collect(Collectors.toList());

System.out.println(v);

v.forEach(IntValue::increment);

System.out.println(v);



2.4.

| ek -

ANERRFZE FERRRAIFIRL, IntValue EEZEFT LA :

// references/SimplerMutableInteger.java
/] —AREEEE

import java.util.*;

import java.util.stream.*;

class IntValue2 {

public int n;

IntValue2(int n) { this.n =n; }
}

public class SimplerMutableInteger {
public static void main(String[] args) {
List<IntValue2> v = IntStream.range(0, 10)
.mapToObj (IntValue2: :new)
.collect(Collectors.toList());
v.forEach(iv2 ->
System.out.print(iv2.n + " "));
System.out.println();
v.forEach(iv2 -> iv2.n += 1);
v.forEach(iv2 ->
System.out.print(iv2.n + " "));
}
}

i, BEEEMnE, XEEAKRTHE,

1 elEARTERE
TR R E A R AR i

// references/Immutablel.java
/1 RTEsFE T F] R A L 6 R R

public class Immutablel {

private int data;

public Immutablel(int initVal) {
data = initval;

}

public int read() { return data; }

public boolean nonzero() { return data !'=0; }

public Immutablel multiply(int multiplier) {
return new Immutablel(data * multiplier);

}

public static void f(Immutablel il) {
Immutablel quad = il.multiply(4);
System.out.println("il = " + il.read());
System.out.println("quad = " + quad.read());

}

public static void main(String[] args) {

/* W

X = 47

il = 47
quad = 188
X = 47

*/
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Immutablel x = new Immutablel(47);

System.out.println("x = " + x.read());

f(x);

System.out.println("x = " + x.read());
}

}

Z ALY data HB 2 private By, FH B RTE] LA DL B (T {7 public 75 3E 8] PAE X
U6 data, FSE, multiply() BERERGEEBNR T WS, HIR EEREGIET — 185K
Immutablel, FFoREZAAEEA NS,

FO JTIEEEI Inmutablel A RANSEL, FAEH ESLI T ZH/ERME, Mmain() BOHIH
AILIEH x FRBEEMZL. B, x IRAULREERERLZN5IA&, BN
Immutablel 28 Mgt ERERAIR TR RASHNLE,

2.4.2 AEIERMERITRS

BEARAIEEY, F—EUFABRINMRUT —FRENRISGTR. A, SHIREHIH
EERXFH RN RE, MOSRZAEFTN R, O SBEMERIAIRIL
. WHEEERNE, XAZRM (7 ERHEHREES RBXFE ), EEN TR L%
(4Astring 28 ) Sk, XMAHERIEREBRI—FICHRS, VIIRMMK. (EX, BE
FERERFE, ERERERT AT, REEMRANESELHEHESRET.)

fRRINERGIE— AT DIRERBIEAEZ . R, RERESRZHERTE, M
UV EFZ AT BHE DRI AR 2R, FFTESS UGB R T AR 2,

AT LUMEDR Immutablet.java, PUIFBEX—&:

// references/Immutable2.java
/! MTFHERTEEGHESR

class Mutable {
private int data;
Mutable(int initval) {
data = initVal;

}

public Mutable add(int x) {
data += x; /*
return this; i2 = 47

b rl = 376

public Mutable multiply(int x) { r2 = 376
data *= x; */
return this;

}

public Immutable2 makeImmutable2() {



return new Immutable2(data);
}
}

public class Immutable2 {

private int data;

public Immutable2(int initVal) {
data = initVval;

}

public int read() { return data; }

public boolean nonzero() {
return data != 0;

}

public Immutable2 add(int x) {
return new Immutable2(data + x);

}

public Immutable2 multiply(int x) {
return new Immutable2(data * x);

}

public Mutable makeMutable() {
return new Mutable(data);

}

public static

Immutable2 modifyl(Immutable2 y) {
Immutable2 val = y.add(12);
val = val.multiply(3);
val = val.add(11);
val = val.multiply(2);
return val;

}

/] EHLFEERNER:

public static

Immutable2 modify2(Immutable2 y) {
Mutable m = y.makeMutable();
m.add(12) .multiply(3).add(11).multiply(2);
return m.makeImmutable2();

}

public static void main(String[] args) {
Immutable2 i2 = new Immutable2(47);
Immutable2 rl = modifyl(i2);
Immutable2 r2 = modify2(i2);

System.out.println("i2 = " + i2.read());
System.out.println("rl = " + rl.read());
System.out.println("r2 = " + r2.read());

}
}

FIZBT—#E, Inmutable2 PRERHYTTIEFEREMEBON RAVAMEAIE T — NHHINSR, LR
PO RART AN, AEHYE 2 add() Al multiply() ik, Mutable RIZFTSLIIHIHHFIZE,
B EREA add() R multiply() 755, (BEXFNITESER Mutable X5, MAZEIE—1
HXR, BN, Mutable FiRA —MEFZFHI data A2 Ak Inmutable2 WHAITTHE, RZIRR.
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modifyl() A modify2() X # M EF A TTIEE R T EAH R G5 RAY B F 5 1, 7
modifyl() #, —YJERRZTE Inmutable2 KH5EkAY, YREJLAE RIS 2GR T FONEHY
Immutable2 35 (FHEY val HEFIHMERIRNE, ZHIHIXN R TR ).

modify2() HHHYEE —ANMT AR Inmutable2 y 241, HHAZSE AT Mutable 3
R ( XMARZRIEZIRY clone() MA—F, AEXUECIET —MRREINS ). AR5
fEFH Mutable WRHAT TIRSESHERIE, HAJEQEANLALHNR., &E, EXZET
Immutable2 %5e, IHAMGIEET R METXTSR (Mutable FIZEERITE Inmutable2 ), fiAEIIA,

BRI BT EAE LU 5 T 2 A BRI EE -

1 REER A BN R
2. ARG H REMIRS AR
3. SR QIRBHF IR AT R REOTFES A

2.4.3 String R4FTE

String KR LR AT ZEN—FEEMES 18 EFE ML HRTN B, WEREIFHX—
B, IREFRY string WNA ZAETE, & String 5 IEE S EE IR R — N ETHY
String W&, MENBARFTEERNR, WiZ5ERREREELG String W5[H, XEET
BT EE=EAFTE.

Java H1HY String KE 5K A, String FERLZHRKER, REEN—HE,
ERENENZE, HE JavaWEEEM, Hik, REFRHEREEVSISEENFER
¥y string, DLRAFPRIOEZHEIER + Ml += NERH. B THEGAEREFERAEEN
StringBuilder 4R FE#S HH — LI MV HT B AR E OMWEN AT E (FEILEMEE

18 & ),

2.5 R4

HT Java FHATE RN SIRIRAEZ5 1M, RNBTHRAERNNREREE LEZER, 7
BRAEANBERNGES SIS, T RIRENRERE TN, FHIRER
BHIREIN RAIA &, 7E C B C++ T iEF I —BRNEFZRIFEE, (KA gE=E KM
P ERRIEZENAFRIE, BRI, REATRFMEREMES. Bk, XRI7E
H#EE ORI TR EINE 2. B7E Java 1, RALHEOREREE, BAKMBONER
ERENEGNAGEE, ENXEREENRGEF, REANEFEENSR, M A4AH
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FOE (AR, HEKTARBEOMZT RIS GBI, RFEE R &S5 A
o, XFEHERNASE RIRHER, EENNELSRRE—R.

XEETERI TSP BV E B QR P75 T HYER

1. AVMNINEEEE RS SEUBTRERR, REXBEEARME, o, —BRAEN
BUTRAEE — SR e, EASYNGERER, MIRRESEEmMEET. N TREMRAE
Feslist, XECHRVERIATER, B Java IWEGHEEKGHRERA S TRSIEREMIS M

2. BIAEI4: ERNRBASBRIFMEARE—MNRAISIHE, XREEXRN5HHE
REZAEARRIX G, AREARE, REEEXESI/ND, SERATEUER clone()
HEEMAREFINS, R IEEMSAEERIMER, BE, KRBT IR
SRR ET B, DIREYCR, XENRAVRIET LUREE RS A S AR R LAY
PSR, EAEREEREENS, EIERRAZNRES I AEHMASERNTMER.

A A&k Java PRSI R — TSI, AROZEERH, FEt bl TSt B ok
ARFFEHE, Doug Lea ZEBIARR T IIAIAE, MimiERH TiXMEN, B ENES N ZEE]
BT —A4A duplicate() HUSRER, XKE, Rmt7kimAFEM Object.clone() T, HEIAHE
Z=2EE 5L Cloneable FE#i3K CloneNotSupportedException B T, X B EEMNEERITIE,
FHETF Java FRiEETRT T clone() ST REEIIEN, EHXBRABENZERITTE.

T RS TR EEIRE, RERNIZZEGH Apache BRFFIMEATESE
( Apache Commons Serialization Utility Classes ), Bk ¥R 73 £ % ( deep cloning library ),
Bk — L E AR TEE
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H

3.1 IR

AR OIE - BIRIE, MESEAREI—BER.
THERNBIEES G255 HTML FEEXT MR RGB EREL T &
ko BEERESMEMEREE—:

// onjava/HTMLColors.java

/] BT RATH e H S
package onjava;

import java.util.*;

import java.util.stream.*;
import java.util.concurrent.*;

public class HTMLColors {
public static final Object[][] ARRAY = {
{ OxFOF8FF, "AliceBlue" },
{ OXFAEBD7, "AntiqueWhite" },
{ Ox7FFFD4, "Aquamarine" },
{ OxFOFFFF, "Azure" },
{ OxF5F5DC, "Beige" },
{ OxFFE4C4, "Bisque" },
{ 0x000000, "Black" },
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OXFFEBCD,
0X0000FF,
0x8A2BE2,
0xA52A2A,
0xDEB887,
0X5FIEAQ,
0x7FFF00,
0xD2691E,
OXFF7F50,
0X6495ED,
OXFFF8DC,
0xDC143C,
0X0OFFFF,
0x00008B,
0x008B8B,
0xB8866B,
0XA9A9A9,
0x006400,
0XBDB76B,
0x8BOO8B,
0X556B2F,
0XFF8C00,
0x9932CC,
0x8B0000,
OXE9967A,
0x8FBCSF,
0x483D8B,
OX2F4F4F,
0X00CED1,
0x9406D3,
0XFF1493,
0X0OBFFF,
0x696969,
0X1E90FF,
0xB22222,
OXFFFAFO,
0x228B22,
0xDCDCDC,
OXF8F8FF,
0xFFD700,
0xDAA520,
0x808080,
0x008000,
OXADFF2F,
OXFOFFFO,
OXFF69B4,
0XCD5C5C,
0x4B00O82,
OXFFFFFO,
OXFOE68C,
OXEGE6FA,
OXFFFOF5,

"BlanchedAlmond" },
"Blue" },
"BlueViolet" },
"Brown" },
"BurlyWood" },
"CadetBlue" },
"Chartreuse" },
"Chocolate" },
"Coral" },
"CornflowerBlue" },
"Cornsilk" },
"Crimson" },
"Cyan" },
"DarkBlue" },
"DarkCyan" 1},
"DarkGoldenRod" },
"DarkGray" },
"DarkGreen" 1},
"DarkKhaki" },
"DarkMagenta" },
"DarkOliveGreen" },
"DarkOrange" },
"DarkOrchid" },
"DarkRed" },
"DarkSalmon" },
"DarkSeaGreen" 1},
"DarkSlateBlue" },
"DarkSlateGray" },
"DarkTurquoise" },
"DarkViolet" },
"DeepPink" },
"DeepSkyBlue" },
"DimGray" },
"DodgerBlue" },
"FireBrick" },
"FloralWhite" },
"ForestGreen" },
"Gainsboro" },
"GhostWhite" },
"Gold" },
"GoldenRod" },
"Gray" },

"Green" },
"GreenYellow" },
"HoneyDew" },
"HotPink" 1},
"IndianRed" },
"Indigo" },
"Ivory" },

"Khaki" },
"Lavender" },
"LavenderBlush" },

O S R T T T e I e e e e e e e ]

0x7CFCO0,
OXFFFACD,
OxADDSES,
0xFO8080,
OXEOFFFF,
OXFAFAD2,
0xD3D3D3,
0X90EE90,
OXFFB6C1,
OXFFAQ7A,
0x20B2AA,
0x87CEFA,
0x778899,
OXBOC4DE,
OXFFFFEQ,
0x00FF00,
0x32CD32,
OXFAFOES,
OXFFOOFF,
0x800000,
OX66CDAA,
0x0000CD,
OXBA55D3,
0x9370DB,
0x3CB371,
0x7B6SEE,
Ox00FA9A,
0x48D1CC,
0xC71585,
0x191970,
OXFSFFFA,
OXFFE4E1,
OXFFE4B5,
OXFFDEAD,
0x000080,
OXFDF5ES,
0x808000,
0X6B8E23,
OXFFA500,
0xFF4500,
0xDA70D6,
OXEEESAA,
0x98FBYS,
OXAFEEEE,
0xDB7093,
OXFFEFD5,
OXFFDAB9,
0xCD853F,
OXFFCOCB,
0xDDAGDD,
OxBOEOES,
0x800080,

"LawnGreen" },
"LemonChiffon" },
"LightBlue" },
"LightCoral” },
"LightCyan" },
"LightGoldenRodYellow"
"LightGray" 1},
"LightGreen" },
"LightPink" },
"LightSalmon" },
"LightSeaGreen" },
"LightSkyBlue" },
"LightSlateGray" },
"LightSteelBlue" },
"LightYellow" },
"Lime" },
"LimeGreen" },
"Linen" },
"Magenta" },
"Maroon" },

"MediumAquaMarine" },

"MediumBlue" },
"MediumOrchid" },
"MediumPurple" 1},
"MediumSeaGreen" },
"MediumSlateBlue" },

b

"MediumSpringGreen" },

"MediumTurquoise" },
"MediumVioletRed" },
"MidnightBlue" },
"MintCream" },
"MistyRose" },
"Moccasin" },
"NavajowWhite" },
“Navy" },
"OldLace" },
"Olive" },
"O0liveDrab" },
"Orange" },
"OrangeRed" },
"Orchid" },
"PaleGoldenRod" },
"PaleGreen" },
"PaleTurquoise" },
"PaleVioletRed" },
"PapayaWhip" },
"PeachPuff" },
"Peru" },

"Pink" },

"Plum" },
"PowderBlue" },
"Purple" },

(F#EIT T

)
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OxFFO000, "Red" },
OxBC8F8F, "RosyBrown" },
0x4169E1, "RoyalBlue" },
0x8B4513, "SaddleBrown" },
OxFA8072, "Salmon" },
OxF4A460, "SandyBrown" },
Ox2E8B57, "SeaGreen" },
OxFFF5EE, "SeaShell" },
0xA0522D, "Sienna" },
0xCecece, "Silver" },
O0x87CEEB, "SkyBlue" },
OXx6A5ACD, "SlateBlue" },
0x708090, "SlateGray" },
OXFFFAFA, "Snow" },
Ox00FF7F, "SpringGreen" },
0x4682B4, "SteelBlue" },
0xD2B48C, "Tan" },
0x008080, "Teal" },
OxD8BFD8, "Thistle" },
OxFF6347, "Tomato" },
O0x40EODO, "Turquoise" },
OXEEB2EE, "Violet" },
OXF5DEB3, "Wheat" },
OXFFFFFF, "White" },
OxF5F5F5, "WhiteSmoke" },
OxFFFFOO, "Yellow" },
0x9ACD32, "YellowGreen" },

~~
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i H
public static final Map<Integer,String> MAP =
Arrays.stream(ARRAY)
.collect(Collectors.toMap(
element -> (Integer)element[0],
element -> (String)element[1],
(vi, v2) -> { // &5E%
throw new IllegalStateException();
H
LinkedHashMap: : new
));
/] RAEE—EALT A ARt k.
public static <V, K> Map<V, K>
invert(Map<K, V> map) {
return map.entrySet().stream()
.collect(Collectors.toMap(
Map.Entry: :getValue,
Map.Entry: :getKey,
(vl, v2) -> {
throw new IllegalStateException();
H
LinkedHashMap: : new
)i

}
public static final Map<String,Integer>



INVMAP = invert(MAP);
/] BEBREL, TR RGBL:
public static Integer rgb(String colorName) {
return INVMAP.get(colorName);
}
public static final List<String> LIST =
Arrays.stream(ARRAY)
.map(item -> (String)item[1])
.collect(Collectors.tolList());
public static final List<Integer> RGBLIST =
Arrays.stream(ARRAY)
.map(item -> (Integer)item[0])
.collect(Collectors.toList());
public static
void show(Map.Entry<Integer,String> e) {
System.out.format(
"Ox%06X: %s%n", e.getKey(), e.getValue());
}
public static void
show(Map<Integer,String> m, int count) {
m.entrySet().stream()
.limit(count)
.forEach(e -> show(e));
}
public static void show(Map<Integer,String> m) {
show(m, m.size());
}
public static
void show(Collection<String> lst, int count) {
lst.stream()
.limit(count)
.forEach(System.out: :println);
}
public static void show(Collection<String> 1lst) {
show(lst, lst.size());
}
public static
void showrgb(Collection<Integer> lst, int count) {
lst.stream()
.limit(count)
.forEach(n -> System.out.format("0x%06X%n", n));
}
public static void showrgb(Collection<Integer> 1st) {
showrgb(lst, lst.size());
}
public static
void showInv(Map<String,Integer> m, int count) {
m.entrySet().stream()
.limit(count)
.forEach(e ->
System.out.format(
"%5-20s  Ox%06X%n", e.getKey(), e.getValue()));



public static void showInv(Map<String,Integer> m) {
showInv(m, m.size());

}

public static void border() {

System.out.println(
"3kkk *

2
1

1

MAP B (EFIELTIEEE 14 ENENRAIEN ., FATELFE Z4ERY ARRAY B2 T —1
Map 7, HEIEER, FRN1IFIEEEZEFH Collectors. toMap() HIEI B A, XMRAS
FZH—A> HashMap, ‘B VA RS ITELEIIRF . A TREBIRF, SIvkE
B —> LinkedHashMap H1, X ERLRE Befl 1 FIHYAE Collectors. toMap() FIE AR,
TSR MRS B TENEMERAN TR PIREERNE, HAE R Collectors.
toMap() —kt, EREBE—NESFHEE (merge function), FRESR M MNMERBEEIF—1
BIER TR, BARIMPNEIEENTLRE, RS HIXERBR; WREH
W, BAEHESE. BEEANREBNTER—MEEREN=YE, BERTHAER.

rgb() FFIEE—MEERL, BSRABMEENFERS, BEXME RGBE. N T
BLZREL, BATFEE COLORS FI— MEMRAR, BH#EZ— String ZLAIHIHE, Ek Integer
AN RGB &, LB invert() JFIESLIIRI, A0SR COLORS HEAE (EMEEAHE—RY,
EMEMHEE.

BATREIE T B EHEELR LIST, LIREEHE 7526 RGB {EHY RBLIST,

EE—> show() 51k REEZ —A Map Entry, FFLINEHBIERE, XHERIMREES
St xf FRUARY ARRAY 34T —iRKEE, L show FFSLHITTIEERE 2 — MESZ count 24
fRAR, XNSHARNRARITERREZ DR, EMRASERFIIFHFRETR.

TEE—MEARNE:

// collectiontopics/HTMLColorTest.java
import static onjava.HTMLColors.*;

public class HTMLColorTest {

static final int DISPLAY SIZE = 20;

public static void main(String[] args) {
show(MAP, DISPLAY SIZE);
border();
showInv(INVMAP, DISPLAY SIZE);
border();
show(LIST, DISPLAY SIZE);
border()
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showrgb (RGBLIST, DISPLAY SIZE);

}

}
/* W AliceBlue
OXFOF8FF: AliceBlue AntiqueWhite
OxFAEBD7: AntiqueWhite Aquamarine
Ox7FFFD4: Aquamarine Azure
OXFOFFFF: Azure Beige
OXF5F5DC: Beige Bisque
OxFFE4C4: Bisque Black
0x000000: Black BlanchedAlmond
OxFFEBCD: BlanchedAlmond Blue
0x0000FF: Blue BlueViolet
Ox8A2BE2: BlueViolet Brown
0xA52A2A: Brown BurlyWood
OxDEB887: BurlyWood CadetBlue
OX5F9EAO: CadetBlue Chartreuse
Ox7FFF00: Chartreuse Chocolate
0xD2691E: Chocolate Coral
OxFF7F50: Coral CornflowerBlue
0x6495ED: CornflowerBlue Cornsilk
OxFFF8DC: Cornsilk Crimson
0xDC143C: Crimson Cyan
OXO00FFFF: Cyan Fokk ARk
sk sk ok ok koo ok ok ok ok kok ok kok skok skok ok kokk kk ok OxFOF8FF
AliceBlue OxFOF8FF OxFAEBD7
AntiqueWhite OxFAEBD7 Ox7FFFD4
Aquamarine Ox7FFFD4 OXFOFFFF
Azure OxFOFFFF OxF5F5DC
Beige OxF5F5DC OXFFE4C4
Bisque OXFFE4C4 0x000000
Black 0x000000 OxFFEBCD
BlanchedAlmond OxFFEBCD 0x0000FF
Blue OXx0000FF 0x8A2BE2
BlueViolet Ox8A2BE2 0xA52A2A
Brown 0xA52A2A OxDEB887
BurlyWood OxDEB887 Ox5F9EA0
CadetBlue Ox5F9EAG OX7FFFO0
Chartreuse OXx7FFFO0 0xD2691E
Chocolate 0xD2691E OXFF7F50
Coral OXFF7F50 0x6495ED
CornflowerBlue 0x6495ED OxFFF8DC
Cornsilk OxFFF8DC 0xDC143C
Crimson 0xDC143C OXO0FFFF
Cyan OX00FFFF */
skokoskkkokk kok Kok okk

(#AE)

8 LinkedHashMap, FR{THASCEEREE HTMLColors. ARRAY FYNIFE .




3.2 List B93589
List BEREEH 2 IMREARRINREENIRRTT . EARNYIREFEERE:

e add() FF#EAITLE

o get() AFHENIAATER, ERXMEMEERER List LI EEZARRE
o iterator() FHTIRENZESI_ERY Iterator

o stream() AT EFFIHTTERRY Strean

List WMER SR RETRBEARNINT.

THIREIF T ESBRES T —HARRANESD: 81 List EEEMEYETE (basicTest() ),
7E Iterator | # & (iterMotion() ) 5 FH Iterator {& B ot 2 ( iterManipulation()), &E &
List #E/ERURKER ( testVisual() ), AN HBEFT LinkedList HY#ERE,

// collectiontopics/ListOps.java
// TVAE List B EHE

import java.util.*;

import onjava.HTMLColors;

public class ListOps {

// RIE—AR T4 A

static final List<String> LIST =
HTMLColors.LIST.subList(0, 10);

private static boolean b;

private static String s;

private static int i;

private static Iterator<String> it;

private static ListIterator<String> lit;

public static void basicTest(List<String> a) {
a.add(1, "x"); // EAEE 14BN
a.add("x"); // EXEIEN
/] BA—AESL
a.addAl1(LIST);
/] MALE 3 T4, BA—AEL:
a.addAl1(3, LIST);
b = a.contains("1"); // SR FTREOLLHELE?
1/ ASHOBENELRT OLETET?
b = a.containsAll(LIST);
// List ZAFMALiF R, %E4EST ArrayList mz
/! BRASRAK, 1222 T LinkedList M3 RAIRE

s = a.get(l); // EEE LIARR (A£RG) R
i = a.index0f("1"); // HmEXN R E]]
b = a.isEmpty(); // FIRFREALELE?

it = a.iterator(); // H@eBEKRE

lit = a.listIterator(); // ListIterator

lit = a.listIterator(3); // MMeE& 3 &F#

i = a.lastIndex0f("1"); // ®E—AEAMERMGTEN T
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a.remove(l); // #%R4EE 148 LE
a.remove("3"); // BhRiEd%
a.set(l, "y"); // ¥EE L& TEEEHN "y"
/] REFHALELHFAFTERATE
/! (HBEAELRRE):
a.retainAl1(LIST);
/] BHREBTFHRALE:
a.removeAll(LIST);
i =a.size(); // ENESA S X
a.clear(); // BHHHAE
}
public static void iterMotion(List<String> a) {
ListIterator<String> it = a.listIterator();

b = it.hasNext();

b = it.hasPrevious();

s = it.next();

i = it.nextIndex();

s = it.previous();

i = it.previousIndex();
}

public static void iterManipulation(List<String> a) {
ListIterator<String> it = a.listIterator();

it.add("47");
// ERAadd() 25, LAKEREESH.
it.next();

/! BhHAEERHLE:

it.remove();

// AR remove() X5, LAKEREEH:

it.next();

/] BEHEBRAEERGLE:

it.set("47");

}
public static void testVisual(List<String> a) {

System.out.println(a);

List<String> b = LIST;

System.out.println("b = " + b);

a.addAll(b);

a.addAll(b);

System.out.println(a);

// 1A ListIterator

/] A, BhfehitE:

ListIterator<String> x =
a.listIterator(a.size()/2);

x.add("one");

System.out.println(a);

System.out.println(x.next());

X.remove();

System.out.println(x.next());

x.set("47");

System.out.println(a);

// BoeigpiFl &

X = a.listIterator(a.size());

while(x.hasPrevious())



System.out.print(x.previous() + " ");
System.out.println();
System.out.println("testVisual finished");

}

// F ¥R LinkedList 7 A #9#1k.

public static void testLinkedList() {
LinkedList<String> 1l = new LinkedList<>();
11.addAT1(LIST);
System.out.println(1l);
/! BEEE—IR, B
1l.addFirst("one");
1l.addFirst("two");
System.out.println(1l);
// EMTERMMATE peek $24E:
System.out.println(ll.getFirst());
/] EMTMAARTARES .
System.out.println(ll.removeFirst());
System.out.println(1ll.removeFirst());
/! BEEE—ANF), NKEBELE:
System.out.println(ll.removelLast());
System.out.println(1ll);

}

public static void main(String[] args) {
/] BRAAEFLF—AHGFIR:
basicTest(new LinkedList<>(LIST));
basicTest(new ArraylList<>(LIST));
iterMotion(new LinkedList<>(LIST));
iterMotion(new ArrayList<>(LIST));
iterManipulation(new LinkedList<>(LIST));
iterManipulation(new ArraylList<>(LIST));
testVisual(new LinkedList<>(LIST));
testLinkedList();

/* W

[AliceBlue, AntiqueWhite, Aquamarine, Azure, Beige,
Bisque, Black, BlanchedAlmond, Blue, BlueViolet]

b = [AliceBlue, AntiqueWhite, Aquamarine, Azure, Beige,
Bisque, Black, BlanchedAlmond, Blue, BlueViolet]
[AliceBlue, AntiquewWhite, Aquamarine, Azure, Beige,
Bisque, Black, BlanchedAlmond, Blue, BlueViolet,
AliceBlue, AntiqueWhite, Aquamarine, Azure, Beige,
Bisque, Black, BlanchedAlmond, Blue, BlueViolet,
AliceBlue, AntiqueWhite, Aquamarine, Azure, Beige,
Bisque, Black, BlanchedAlmond, Blue, BlueViolet]
[AliceBlue, AntiqueWhite, Aquamarine, Azure, Beige,
Bisque, Black, BlanchedAlmond, Blue, BlueViolet,
AliceBlue, AntiqueWhite, Aquamarine, Azure, Beige, one,
Bisque, Black, BlanchedAlmond, Blue, BlueViolet,
AliceBlue, AntiquewWhite, Aquamarine, Azure, Beige,
Bisque, Black, BlanchedAlmond, Blue, BlueViolet]
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Bisque

Black

[AliceBlue, AntiqueWhite, Aquamarine, Azure, Beige,
Bisque, Black, BlanchedAlmond, Blue, BlueViolet,
AliceBlue, AntiqueWhite, Aquamarine, Azure, Beige, one,
47, BlanchedAlmond, Blue, BlueViolet, AliceBlue,
AntiqueWhite, Aquamarine, Azure, Beige, Bisque, Black,
BlanchedAlmond, Blue, BlueViolet]

BlueViolet Blue BlanchedAlmond Black Bisque Beige Azure
Aquamarine AntiqueWhite AliceBlue BlueViolet Blue
BlanchedAlmond 47 one Beige Azure Aquamarine
AntiqueWhite AliceBlue BlueViolet Blue BlanchedAlmond
Black Bisque Beige Azure Aquamarine AntiqueWhite
AliceBlue

testVisual finished

[AliceBlue, AntiqueWhite, Aquamarine, Azure, Beige,
Bisque, Black, BlanchedAlmond, Blue, BlueViolet]

[two, one, AliceBlue, AntiqueWhite, Aquamarine, Azure,
Beige, Bisque, Black, BlanchedAlmond, Blue, BlueViolet]
two

two

one

BlueViolet

[AliceBlue, AntiqueWhite, Aquamarine, Azure, Beige,
Bisque, Black, BlanchedAlmond, Blue]

*/

7E basicTest() ] iterMotion() H, FFEEAEEN TERERIIERE, RERET
REE, ERFEEHER., FREBRT, BARERFEREE, EERESNTEZH,
EEE DK XK, 75 THRERE,

3.3 SetMIITAH

Set WR NAETMIHRA S, HAIATHMRES R, WRAROTEIIRFE
&%, HashSet L REIFHILEEE, ENEMENLIRAIRERNERRITH (#EHTH
F C PN EHIRFHERE ).

W FE A Set SLH, wEINFEAM:

// collectiontopics/SetOrder.java
import java.util.*;
import onjava.HTMLColors;

public class SetOrder {
static String[] sets = {

"java.util.HashSet",

"java.util.TreeSet",
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"java.util.concurrent.ConcurrentSkipListSet",
"java.util.LinkedHashSet",
"java.util.concurrent.CopyOnWriteArraySet",
iy
static final List<String> RLIST =
new ArrayList<>(HTMLColors.LIST);
static {
Collections.reverse(RLIST);
}
public static void
main(String[] args) throws Exception {
for(String type: sets) {
System.out.format("[-> %5 <-]%n",
type.substring(type.lastIndexOf('.') + 1));
@SuppressWarnings ("unchecked")
Set<String> set = (Set<String>)
Class.forName(type).getConstructor().newInstance();
set.addAl11(RLIST);
set.stream()
.limit(10)
.forEach(System.out::println);
}
}
/* Wl Bisque
[-> HashSet <-] Black
MediumOrchid BlanchedAlmond
PaleGoldenRod Blue
Sienna BlueViolet
LightSlateGray [-> LinkedHashSet <-]
DarkSeaGreen YellowGreen
Black Yellow
Gainsboro WhiteSmoke
Orange White
LightCoral Wheat
DodgerBlue Violet
[-> TreeSet <-] Turquoise
AliceBlue Tomato
AntiqueWhite Thistle
Aquamarine Teal
Azure [-> CopyOnWriteArraySet <-]
Beige YellowGreen
Bisque Yellow
Black WhiteSmoke
BlanchedAlmond White
Blue Wheat
BlueViolet Violet
[-> ConcurrentSkipListSet <-] Turquoise
AliceBlue Tomato
AntiqueWhite Thistle
Aquamarine Teal
Azure */
Beige

(A1)
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X EHZE3E @SuppressWarnings("unchecked"), ENARFHEFLATME Class. forName(type).
newInstance() 1535 String BERM 4. RIFESA BRI MEIE—ERII,

RLIST £ HTMLColors.LIST Ui [AHR A<, &N Collections.reverse() BidERESEk
SCEIWE, WA ERE—NE S EHEYI T ERHET List, FrRUXNMBRTE static AN
BT, RLIST ATLARSLEFRAITIRIAN Set X ERFTHER .

HashSet ki HHE F R EBHEBENINF (EAERETHA KN ), TreeSet Fl
ConcurrentSkipListSet # &y H wE#/THEF, i H#BSLUL T SortedSet # M SRR A

—H, RAXHENSet 2B FH, FLLENTRRESR TE%’?T;%{’? LinkedHashSet A
CopyOnWriteArraySet &SRB EBANINF, REREEORAPX

ConcurrentSkipListSet 1 CopyOnWriteArraySet 2&ELZ2M,

EARERE, B2 THRIE HashSet SLELHTHEFFTHRAGIEREF 8, ANARISEI
HRETORERIFF .

3.4 7 Mep LERIRETVIR(F

1 Collection 2 [0 — &, Map # I NE T forfach()., HEWRBRINTEHIITH
map(). flatMap(). reduce() I filter() ZEEfhEAMRIE, IZEAMIE? F—T Map ##
0, HiRE SXEREEIHEER.

BT3B entrySet() EERX LTI, B —NH Map.Entry X 5 4H ALY Set,
XA Set X £ 4 T stream() F parallelStream() /5%, RFEEICME: FATTE M Map.
Entry XF&,

// collectiontopics/FunctionalMap.java
// A Map E#AT R XIRME

import java.util.*;

import java.util.stream.*;

import java.util.concurrent.*;

import static onjava.HTMLColors.*;

public class FunctionalMap {
public static void main(String[] args) {
MAP.entrySet().stream()
.map(Map.Entry::getValue)
.filter(v -> v.startsWith("Dark"))
.map(v -> v.replaceFirst("Dark", "Hot"))
.forEach(System.out: :println);
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TreeMap A ConcurrentSkiplListMap ZBSLI T NavigableMap #£0, X/MEOHEMIEE

RTE

105

}
/* #irh . HotOrchid
HotBlue HotRed
HotCyan HotSalmon
HotGoldenRod HotSeaGreen
HotGray HotSlateBlue
HotGreen HotSlateGray
HotKhaki HotTurquoise
HotMagenta HotViolet
HotOliveGreen x/
HotOrange

(®AE)

PEHE Map FUEB D TR

ARk Stream 25, FTAREARREANTTE (UREAEELTTE ) SEATLUIERT .

WetEHAS Map RS TR YRR, FE R HTMLColors SLHIRY— /R fl :

// collectiontopics/NavMap.java
// NavigableMap *T VA4 & Map #9 A &
import java.util.*;

import java.util.concurrent.*;
import static onjava.HTMLColors.*;

public class NavMap {

public static final
NavigableMap<Integer,String> COLORS =
new ConcurrentSkipListMap<>(MAP);
public static void main(String[] args) {
show(COLORS. firstEntry());
border();
show(COLORS.lastEntry());
border();
NavigableMap<Integer, String> tolLime =
COLORS.headMap(rgb("Lime"), true);
show(toLime);
border();
show(COLORS.ceilingEntry(rgb("DeepSkyBlue")
border();
show(COLORS. floorEntry(rgb("DeepSkyBlue") -
border();
show(toLime.descendingMap());
border();
show(COLORS.tailMap(rgb("MistyRose"), true)
border();

= 1))

1));

)
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show (COLORS. subMap (
rgb("Orchid"), true,
rgb("DarkSalmon"), false));

}
}
/* Hrs: O0X0000FF: Blue
0x000000: Black 0x0000CD: MediumBlue
bl 0x00008B: DarkBlue
OXFFFFFF: White 0x000080: Navy
* Xk 0x000000: Black
0x000000: Black
0x000080: Navy OXFFE4E1l: MistyRose
0x00008B: DarkBlue OXFFEBCD: BlanchedAlmond
0x0000CD: MediumBlue OXFFEFD5: PapayaWhip
0X0000FF: Blue OXFFFOF5: LavenderBlush
0x006400: DarkGreen OXFFF5EE: SeaShell
0x008000: Green OxFFF8DC: Cornsilk
0x008080: Teal OXFFFACD: LemonChiffon
0x008B8B: DarkCyan OXFFFAFO: FloralWhite
O0Xx00BFFF: DeepSkyBlue OXFFFAFA: Snow
Ox0OCED1: DarkTurquoise OxFFFFOO: Yellow
OX0OFA9A: MediumSpringGreen OXFFFFE®: LightYellow
OX0OFFO0: Lime OXFFFFFO: Ivory
Fkkkkok ok OXFFFFFF: White

GXGGBFFF: DeepskyBlue sk ok o ok ok sk ok sk ok sk ok sk ok ok sk sk sk ok Kok skok skokok kokkok k-
o Fokk Ak OxDA70D6: Orchid
0x008B8B: DarkCyan 0xDAA520: GoldenRod

Hokok fciuiotohuio 0xDB7093: PaleVioletRed
OX0OFFO0: Lime 0xDC143C: Crimson
OXOOFA9A: MediumSpringGreen 0xDCDCDC: Gainsboro
0x00CED1: DarkTurquoise OxDDAGDD: Plum
O0X0OBFFF: DeepSkyBlue OxDEB887: BurlyWood
0x008B8B: DarkCyan OXEOFFFF: LightCyan
0x008080: Teal OXEGE6FA: Lavender
0x008000: Green */
0x006400: DarkGreen

(#&HE)

FATATLATE main() HE Z| NavigableMap HI-&FHINRE, A NavigableMap HY%E 2 A i
PRI, BrllEsZHF firstEntry() F lastEntry() HYME&. 7E COLORS EiEFH headMap(), 4
Bk NavigableMap €& T M COLORS FFLZI 8 — NS HATIE RN A TR, B S
¥t (Hl boolean {8 ) A TIERELERTESHEE — MSHFTENTER. £ COLORS LI
tailMap() SHFTRLINIRIE, (EEEENE - SHATIERITERFE, EZ] COLORS FIR
EE. subMap() 2 Map FRIFIELER .

ceilingEntry() MIEEREMEEHR T — MEEX, i floorEntry() LR ITHE
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wazm | O

., descendingMap() £ NavigableMap HIJIF /23 3k .

TR ERR R ] DUB A Y4 Map SE1& {6, HEAF NavigableMap FiREfRMRL, EL e
SEU A R AIThEE, BT CIEEB R AT AR,

3.6 EHRE&ES

M Arrays — ¢, EEAS&WHE —NIUSE Collections PWHEAEZE, GESREBSHNIEAET
%, BERE—PIE £111(), fill() 2BEATHRE R BHENAE— I NR5(H, &
REHBERT List W&, HETAERMFIFRDCIEEBEEMEESE addALL() 51k

// collectiontopics/FillingLists.java
// Collections.fill() 5 Collections.nCopies()
import java.util.*;

class StringAddress {
private String s;
StringAddress(String s) { this.s =s; }
@Override public String toString() {
return super.toString() + " " + s;
}
}

public class FillingLists {
public static void main(String[] args) {

List<StringAddress> list = new ArraylList<>(

Collections.nCopies(4,

new StringAddress("Hello")));

System.out.println(list);
Collections.fill(list,

new StringAddress("World!"));
System.out.println(list);

}
1 /* Wl
[StringAddress@19e0bfd Hello, StringAddress@l19e0bfd
Hello, StringAddress@l9e0bfd Hello,
StringAddress@19e0bfd Hello]
[StringAddress@139a55 World!, StringAddress@139a55
World!, StringAddress@l39a55 World!,
StringAddress@139a55 World!]
*/

XA RENER T AR RRENITRAISE [F3RIETR Collection 5L, FE—HEfH
FH Collections.nCopies(), B=fAliE— List, 1% List f{E R4S ArrayList FUMgEES, M
ME X4 Arraylist,
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£ —RhEL{EEH Collections. fill(), StringAddress HiffJ toString() F57A<sEH Object.
toString(), FEAEMERERLMZNRIIEA ( H hashCode() FiEA R ) LR S
+REHEIFRR, WHERE, ARSI ESEEEN T R— M5, fEEA Collections.
FilLO) ZJ5, BRI, EA fill() A HAEE# List FEAMTER, MARRRIM
R, UM GEARRER.

3.6.1 {&F Suppliers 3RIEZE Collection
ELF5 58 20 25| AHJ onjava.Suppliers 28324t T FI TS Collection Y@ FHfBIR 75
%, MEMIREIGER Suppliers #IIG/L T JLZEARFIRY Collection :

// collectiontopics/SuppliersCollectionTest.java
import java.util.*;

import java.util.function.*;

import java.util.stream.*;

import onjava.*;

class Government implements Supplier<String> {
static String[] foundation = (
"strange women lying in ponds " +
"distributing swords is no basis " +
"for a system of government").split(" ");
private int index;
@Override public String get() {
return foundation[index++];
}
}

public class SuppliersCollectionTest {
public static void main(String[] args) {

// Ea%% 20 35|45 Suppliers %

Set<String> set = Suppliers.create(
LinkedHashSet: :new, new Government(), 15);

System.out.println(set);

List<String> list = Suppliers.create(
LinkedList::new, new Government(), 15);

System.out.println(list);

list = new ArraylList<>();

Suppliers.fill(list, new Government(), 15);

System.out.println(list);

/! RFEERAR:

set = Arrays.stream(Government.foundation)
.collect(Collectors.toSet());

System.out.println(set);

list = Arrays.stream(Government.foundation)
.collect(Collectors.toList());

System.out.println(list);

list = Arrays.stream(Government.foundation)



.collect(Collectors
.toCollection(LinkedList: :new));
System.out.println(list);
set = Arrays.stream(Government.foundation)
.collect(Collectors
.toCollection(LinkedHashSet: :new));
System.out.println(set);
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} /* Wk

[strange, women, lying, in,
swords, is, no, basis, for,
[strange, women, lying, in,
swords, is, no, basis, for,
[strange, women, lying, in,
swords, is, no, basis, for,

[strange, women, lying, in,
swords, is, no, basis, for,
[strange, women, lying, in,
swords, is, no, basis, for,
[strange, women, lying, in,
swords, is, no, basis, for,
*/

ponds, distributing,
a, system, of, government]
ponds, distributing,
a, system, of, government]
ponds, distributing,
a, system, of, government]

[ponds, no, a, in, swords, for, is, basis, strange,
system, government, distributing, of, women, lying]

ponds, distributing,
a, system, of, government]
ponds, distributing,
a, system, of, government]
ponds, distributing,
a, system, of, government]

LinkedHashSet FRHYTTERSIZIBIBAINTHEY, EAEREF—MERRRFINFER .

FREERILROIE ZE4: AESH T LLER Strean sROUEEFHESE Collection,
Rl Suppliers TS RMMIE, Strean 77 S HERBITEIHURNTE M, SRR

PR B 1Y Stream 7T,

FEARERIEI T, RIZE e Stream 7522,

3.6.2 {FFH Suppliers 3RIEFE Map

EEEFH Suppliers [ Map FRIEZR B HE, TE—> Pair 28, FE NS RIEA Supplier iy
get() J5iE, MEEFE—TITR (—M8, —ME),

// onjava/Pair.java
package onjava;

public class Pair<K, V> {
public final K key;
public final V value;
public Pair(K k, V v) {
key = k;
value = v;

}
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public K key() { return key; }
public V value() { return value; }
public static <K,V> Pair<K, V> make(K k, V v) {
return new Pair<K,V>(k, v);
}
}

Pair B HiZMEEEHNTS ( Data Transfer Object) Hi{S{# ( Messenger ), BFIE
5 20 R Tuple2 EARR—FEHY, A LFHES AT Map BFIIA/L, AT L Pair
STRIEIEE, XERARINT static make() 757,

FIFE Java 8 [ Stream, BT LIfE 7T [EHIAE BIEISIFHY Map

// collectiontopics/StreamFillMaps.java
import java.util.*;

import java.util.function.*;

import java.util.stream.*;

import onjava.*;

class Letters

implements Supplier<Pair<Integer,String>> {
private int number = 1;
private char letter = 'A';
@Override public Pair<Integer,String> get() {

return new Pair<>(number++, "" + letter++);

}

}

public class StreamFillMaps {
public static void main(String[] args) {

Map<Integer,String> m =
Stream.generate(new Letters())
Llimit(11)
.collect(Collectors

.toMap(Pair::key, Pair::value));
System.out.println(m);

/] AR E
Rand.String rs = new Rand.String(3);
Count.Character cc = new Count.Character();
Map<Character,String> mcs = Stream.generate(
() -> Pair.make(cc.get(), rs.get()))
.limit(8)
.collect(Collectors
.toMap(Pair::key, Pair::value));
System.out.println(mcs);

/] R—AERERE, CAMERAR—AME:
Map<Character,String> mcs2 = Stream.generate(
() -> Pair.make(cc.get(), "val"))
.limit(8)



.collect(Collectors
.toMap(Pair::key, Pair::value));
System.out.println(mcs2);

}
} /* drd
{1=A, 2=B, 3=C, 4=D, 5=E, 6=F, 7=G, 8=H, 9=I, 10=],
11=K}
{b=btp, c=enp, d=ccu, e=xsz, f=gvg, g=mei, h=nne,
i=elo}
{p=Val, g=Val, j=Val, k=Val, l=Val, m=Val, n=Val,
o=Val}
¥/

UERBIEIRT —MERX, BATHLUAENRRE —EaIEAES Map LA

// onjava/FillMap.java
package onjava;

import java.util.*;

import java.util.function.*;
import java.util.stream.*;

public class FillMap {
public static <K, V> Map<K,V>
basic(Supplier<Pair<K,V>> pairGen, int size) {
return Stream.generate(pairGen)
.limit(size)
.collect(Collectors
.toMap(Pair::key, Pair::value));
}
public static <K, V> Map<K,V>
basic(Supplier<K> keyGen,
Supplier<V> valueGen, int size) {
return Stream.generate(
() -> Pair.make(keyGen.get(), valueGen.get()))
.limit(size)
.collect(Collectors
.toMap(Pair::key, Pair::value));
1
public static <K, V, M extends Map<K,V>>
M create(Supplier<K> keyGen,
Supplier<V> valueGen,
Supplier<M> mapSupplier, int size) {
return Stream.generate( () ->
Pair.make (keyGen.get(), valueGen.get()))
limit(size)
.collect(Collectors
.toMap(Pair::key, Pair::value,
(k, v) -> k, mapSupplier));
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basic() LA AL B —MNERINEI Map, ifd create() SIFIEEMVIHIBUN AL, fE
ZIREIX N HATIRIEEL,

XU

// collectiontopics/FillMapTest.java
import java.util.*;

import java.util.function.*;

import java.util.stream.*;

import onjava.*;

public class FillMapTest {
public static void main(String[] args) {
Map<String,Integer> mcs = FillMap.basic(
new Rand.String(4), new Count.Integer(), 7);
System.out.println(mcs);
HashMap<String, Integer> hashm =
FillMap.create(new Rand.String(4),
new Count.Integer(), HashMap::new, 7);
System.out.println(hashm);
LinkedHashMap<String, Integer> linkm =
FillMap.create(new Rand.String(4),
new Count.Integer(), LinkedHashMap::new, 7);
System.out.println(linkm);

} /% drd

{npcc=1, ztdv=6, gvgm=3, btpe=0, einn=4, eelo=5,
uxsz=2}

{npcc=1, ztdv=6, gvgm=3, btpe=0, einn=4, eelo=5,
uxsz=2}

{btpe=0, npcc=1, uxsz=2, gvgm=3, einn=4, eelo=5,
ztdv=6}

*/

3.7 {FEHE=EcEEMN Collection F[] Map

AR R A QIR H & S Collection #1 Map SEEIL, 44> java.util S25ERA H TR
S, R TZEANESSIHL, Eith, REESIMNERTIEMEEEREENSES. k=
EZE I java.util.Abstract FERAIFEE H E SCHJ Map Al Collection ZAME, bhal, ZEal
F— NI Set, BT AbstractSet FFSLUN iterator() Fll size() F5¥E. LHEIHIRBIRL
B SRR E —Fs R, XA RIVEAEE R R, ERBREROIITE.

X— R EBER TEZTT (Flyweight) iR, SEBHURRSEFERSHR
B, SREMAEREENNEESSAAZEAN, AUERAET. R —E
SUMET : BATARBENRINFENEE TR 2N, MEBN — M EERIIIMZREK



ERMOBBINSR (SEFBTH MmO = AR B A ).

THEEX T —MNAEUNERANG List, MR EE, BHNSTH Integer FSEHIIE
87T . BEM AbstractList GIEE—PHIER List, MAZASCHT get() ] size() FATTIE:

// onjava/CountingIntegerList.java
/] BAHBIBE. RRKEMY List

// {java onjava.CountingIntegerList}
package onjava;

import java.util.*;

public class CountingIntegerList
extends AbstractList<Integer> {
private int size;
public CountingIntegerList() { size = 0; }
public CountingIntegerList(int size) {
this.size = size < 0 ? 0 : size;
1
@0verride public Integer get(int index) {
return index;
}
@Override public int size() { return size; }
public static void main(String[] args) {
List<Integer> cil =
new CountingIntegerlList(30);
System.out.println(cil);
System.out.println(cil.get(500));

}
} /* dnk
[, 1, 2, 3, 4, 5,6,7, 8 9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29]
500
*/

HEYHNTEREX A List WK ER ( EEAFRATFE main() T AIAREE ), size BY
BEAREERN., EEXMENT, get() HAES~EEENE.

XEZETEAPN—MEFHRE, get() SERITERN “H&” &, FLUHFREE
EEEMIGCILREE List 284,

TERZHERFT, XETTENFEEEEAASZEMTAEM, K, SAFRIIER—
MEHEEKHY index SRIEH List.get(), ARE—MERGAXLEER List, B0, A
BT LUE H OB FH A RER CountingIntegerlist, M AFHIEOFMERIZ, L, it
B — RIS EALEFR AT T R o IR (R B 5 A B P O 5=

BATATLUEAZoRSLILEM “EFiAL” 19, FIEERNRRNEEES. TH
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B—/A Map, BENEA Integer @A R—ME—T_HIE:

/ On Java
[ R - B

// onjava/CountMap.java

/] GABEIHE, FRKEH Map
// {java onjava.CountMap}
package onjava;

import java.util.*;

import java.util.stream.*;

public class CountMap
extends AbstractMap<Integer,String> {
private int size;
private static char[] chars =
" ABCDEFGHIJKLMNOPQRSTUVWXYZ" . toCharArray () ;
private static String value(int key) {
return
chars[key % chars.length] +
Integer.toString(key / chars.length);
}
public CountMap(int size) {
this.size = size < 0 ? 0 : size;
}
@Override public String get(Object key) {
return value((Integer)key);
}
private static class Entry
implements Map.Entry<Integer,String> {
int index;
Entry(int index) { this.index = index; }
@verride public boolean equals(Object o) {
return o instanceof Entry &&
Objects.equals(index, ((Entry)o).index);
}

@override public Integer getKey() { return index; }

@override public String getValue() {
return value(index);
}
@verride public String setValue(String value) {
throw new UnsupportedOperationException();
}
@verride public int hashCode() {
return Objects.hashCode(index);
}
}
@override
public Set<Map.Entry<Integer,String>> entrySet() {
// LinkedHashSet 4-itAEm 45407 :
return IntStream.range(0, size)
.mapToObj (Entry: :new)
.collect(Collectors
.toCollection(LinkedHashSet: :new));
}

public static void main(String[] args) {



final int size = 6;

CountMap cm = new CountMap(60);

System.out.println(cm);

System.out.println(cm.get(500));

cm.values().stream()
.limit(size)
.forEach(System.out::println);

System.out.println();

new Random(47).ints(size, 0, 1000)
.mapTo0bj (cm: :get)
.forEach(System.out::println);

} /* Hrd

{06=A0, 1=BO, 2=CO, 3=D0O, 4=EO, 5=F0, 6=G0, 7=HO, 8=I0,
9=J0, 10=K0, 11=L0, 12=MO, 13=N©, 14=00, 15=PO, 16=Q0,
17=R0, 18=S0, 19=T0, 20=U0, 21=V0, 22=WO, 23=X0, 24=Y0,
25=70, 26=A1, 27=B1, 28=C1, 29=D1, 30=El, 31=F1, 32=G1,
33=H1, 34=I1, 35=J1, 36=K1, 37=L1, 38=M1, 39=N1, 40=01,
41=P1, 42=Q1, 43=R1, 44=S1, 45=T1, 46=U1, 47=V1, 48=W1,
49=X1, 50=Y1, 51=71, 52=A2, 53=B2, 54=C2, 55=D2, 56=E2,
57=F2, 58=G2, 59=H2}

G19

A0

BO

co

DO

EO

FO

Y9

J21
R26
D33
736
N16
*/

AT A R Map, AT E 4R A& AbstractMap 3 SC I entrySet() J5 #£, private
value() FIEATRITEEEEEIE, HSFE get() F Entry.getValue() FFEENEEA. CountMap
FIAR/NET L ARG AR,

XEERT LinkedHashSet, FREQIEEE XM Set 28, FrAHEREREILIETT,
HEHBATHEAM entrySet() i, XNMNRAEERK.

MAERINTBREIE—NEERNETT, X, BEEE— N HER N EEEEHA
[ Map, capitals() F53EET LA BOXEERT Map, © names() FiENIA A RASER LMY List,

O ERHEENRTERSENRBERAREE M e, —REE



RFANTT A LUB I — MEE T TR A/NG int SECRIRE Bt TR AT IR :

// onjava/Countries.java

// BEAEXZIE Map A= List, @-8HHIHHE
// {java onjava.Countries}

package onjava;

import java.util.*;

public class Countries {
public static final String[][] DATA = {

// 3EH
{"ALGERIA","Algiers"},
{"ANGOLA", "Luanda"},
{"BENIN","Porto-Novo"},
{"BOTSWANA", "Gaberone"},
{"BURKINA FASO","Ouagadougou"},
{"BURUNDI","Bujumbura"},
{"CAMEROON", "Yaounde"},
{"CAPE VERDE","Praia"},
{"CENTRAL AFRICAN REPUBLIC","Bangui"},
{"CHAD","N'djamena"},
{"COMOROS", "Moroni"},
{"CONGO", "Brazzaville"},
{"DJIBOUTI","Dijibouti"},
{"EGYPT","Cairo"},
{"EQUATORIAL GUINEA","Malabo"},
{"ERITREA", "Asmara"},
{"ETHIOPIA","Addis Ababa"},
{"GABON", "Libreville"},
{"THE GAMBIA","Banjul"},
{"GHANA", "Accra"},
{"GUINEA","Conakry"},
{"BISSAU", "Bissau"},
{"COTE D'IVOIR (IVORY COAST)","Yamoussoukro"},
{"KENYA", "Nairobi"},
{"LESOTHO", "Maseru"},
{"LIBERIA", "Monrovia"},
{"LIBYA","Tripoli"},
{"MADAGASCAR", "Antananarivo"},
{"MALAWI","Lilongwe"},
{"MALI","Bamako"},
{"MAURITANIA", "Nouakchott"},
{"MAURITIUS","Port Louis"},
{"MOROCCO", "Rabat"},
{"MOZAMBIQUE", "Maputo"},
{"NAMIBIA", "Windhoek"},
{"NIGER", "Niamey"},
{"NIGERIA","Abuja"},
{"RWANDA", "Kigali"},
{"SA0 TOME E PRINCIPE","Sao Tome"},
{"SENEGAL", "Dakar"},
{"SEYCHELLES","Victoria"},



{"SIERRA LEONE","Freetown"},
{"SOMALIA","Mogadishu"},
{"SOUTH AFRICA","Pretoria/Cape Town"},
{"SUDAN", "Khartoum"},
{"SWAZILAND", "Mbabane"},
{"TANZANIA", "Dodoma"},
{"T0OGO", "Lome"},
{"TUNISIA","Tunis"},
{"UGANDA" , "Kampala"},
{"DEMOCRATIC REPUBLIC OF THE CONGO (ZAIRE)",
"Kinshasa"},
{"ZAMBIA", "Lusaka"},
{"ZIMBABWE", "Harare"},
// TN
{"AFGHANISTAN", "Kabul"},
{"ARMENIA", "Yerevan"},
{"AZERBAIJAN", "Baku"},
{"BAHRAIN", "Manama"},
{"BANGLADESH" , "Dhaka"},
{"BHUTAN", "Thimphu"},
{"BRUNEI", "Bandar Seri Begawan"'},
{"CAMBODIA", "Phnom Penh"},
{"CHINA","Beijing"},
{"CYPRUS", "Nicosia"},
{"GEORGIA","Tbilisi"},
{"INDIA","New Delhi"},
{"INDONESIA", "Jakarta"},
{"IRAN","Tehran"},
{"IRAQ", "Baghdad"},
{"ISRAEL","Jerusalem"},
{"JAPAN", "Tokyo"},
{"JORDAN", "Amman"},
{"KAZAKSTAN", "Almaty"},
{"KUWAIT", "Kuwait City"},
{"KYRGYZSTAN", "Alma-Ata"},
{"LAOS","Vientiane"},
{"LEBANON", "Beirut"},
{"MALAYSIA","Kuala Lumpur"},
{"THE MALDIVES","Male"},
{"MONGOLIA","Ulan Bator"},
{"MYANMAR (BURMA)", "Rangoon"},
{"NEPAL", "Katmandu"},
{"NORTH KOREA","P'yongyang"},
{"OMAN", "Muscat"},
{"PAKISTAN", "Islamabad"},
{"PHILIPPINES", "Manila"},
{"QATAR", "Doha"},
{"SAUDI ARABIA","Riyadh"},
{"SINGAPORE", "Singapore"},
{"SOUTH KOREA","Seoul"},
{"SRI LANKA","Colombo"},
{"SYRIA", "Damascus"},
{"TAJIKISTAN", "Dushanbe"},
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{"THAILAND", "Bangkok"},
{"TURKEY", "Ankara"},
{"TURKMENISTAN", "Ashkhabad"},
{"UNITED ARAB EMIRATES","Abu Dhabi"},
{"UZBEKISTAN", "Tashkent"},
{"VIETNAM", "Hanoi"},
{"YEMEN","Sana'a"},

/] KEMN
{"AUSTRALIA","Canberra"},
{"FIJI","Suva"},
{"KIRIBATI","Bairiki"},
{"MARSHALL ISLANDS","Daiap-Uliga-Darrit"},
{"MICRONESIA","Palikir"},
{"NAURU", "Yaren"},

{"NEW ZEALAND","Wellington"},
{"PALAU", "Koror"},

{"PAPUA NEW GUINEA","Port Moresby"},
{"SOLOMON ISLANDS","Honaira"},
{"TONGA", "Nuku'alofa"},
{"TUVALU", "Fongafale"},
{"VANUATU","Port Vila"},
{"WESTERN SAMOA","Apia"},

// B

{"ALBANIA","Tirana"},
{"ANDORRA", "Andorra la Vella"},
{"AUSTRIA","Vienna"},

{"BELARUS (BYELORUSSIA)","Minsk"},
{"BELGIUM","Brussels"},
{"BOSNIA-HERZEGOVINA", "Sarajevo"},
{"BULGARIA","Sofia"},
{"CROATIA","Zagreb"},

{"CZECH REPUBLIC","Prague"},
{"DENMARK" , "Copenhagen"},
{"ESTONIA","Tallinn"},
{"FINLAND", "Helsinki"},
{"FRANCE", "Paris"},

{"GERMANY", "Berlin"},

{"GREECE", "Athens"},

{"HUNGARY", "Budapest"},
{"ICELAND","Reykjavik"},
{"IRELAND","Dublin"},
{"ITALY","Rome"},
{"LATVIA","Riga"},
{"LIECHTENSTEIN","Vaduz"},
{"LITHUANIA","Vilnius"},
{"LUXEMBOURG" , "Luxembourg"},
{"MACEDONIA", "Skopje"},
{"MALTA","Valletta"},
{"MOLDOVA", "Chisinau"},
{"MONACO", "Monaco"},
{"MONTENEGRO" , "Podgorica"},
{"THE NETHERLANDS","Amsterdam"},
{"NORWAY","0sl0"},



{"POLAND", "Warsaw"},
{"PORTUGAL", "Lisbon"},
{"ROMANIA", "Bucharest"},
{"RUSSIA", "Moscow"},
{"SAN MARINO","San Marino"},
{"SERBIA", "Belgrade"},
{"SLOVAKIA","Bratislava"},
{"SLOVENIA","Ljuijana"},
{"SPAIN", "Madrid"},
{"SWEDEN", "Stockholm"},
{"SWITZERLAND", "Berne"},
{"UKRAINE", "Kyiv"},
{"UNITED KINGDOM","London"},
{"VATICAN CITY","Vatican City"},
// FAREN
{"ANTIGUA AND BARBUDA","Saint John's"},
{"BAHAMAS", "Nassau"},
{"BARBADOS", "Bridgetown"},
{"BELIZE", "Belmopan"},
{"CANADA","Ottawa"},
{"COSTA RICA","San Jose"},
{"CUBA", "Havana"},
{"DOMINICA", "Roseau"},
{"DOMINICAN REPUBLIC","Santo Domingo"},
{"EL SALVADOR","San Salvador"},
{"GRENADA", "Saint George's"},
{"GUATEMALA", "Guatemala City"},
{"HAITI","Port-au-Prince"},
{"HONDURAS" , "Tegucigalpa"},
{"JAMAICA","Kingston"},
{"MEXICO","Mexico City"},
{"NICARAGUA", "Managua"},
{"PANAMA" , "Panama City"},
{"ST. KITTS AND NEVIS","Basseterre"},
{"ST. LUCIA","Castries"},
{"ST. VINCENT AND THE GRENADINES","Kingstown"},
{"UNITED STATES OF AMERICA","Washington, D.C."},
// @EH
{"ARGENTINA", "Buenos Aires"},
{"BOLIVIA","Sucre (legal)/La Paz(administrative)"},
{"BRAZIL","Brasilia"},
{"CHILE","Santiago"},
{"COLOMBIA", "Bogota"},
{"ECUADOR", "Quito"},
{"GUYANA", "Georgetown"},
{"PARAGUAY", "Asuncion"},
{"PERU","Lima"},
{"SURINAME", "Paramaribo"},
{"TRINIDAD AND TOBAGO","Port of Spain'},
{"URUGUAY", "Montevideo"},
{"VENEZUELA", "Caracas"},

+

// #BiFEAM entrySet () Kk4EM AbstractMap




Fa
HNE

private static class FlyweightMap
extends AbstractMap<String,String> {
private static class Entry
implements Map.Entry<String,String> {
int index;
Entry(int index) { this.index = index; }
@override public boolean equals(Object o) {
return o instanceof FlyweightMap &&
Objects.equals (DATA[index][0], 0);
}
@Override public int hashCode() {
return Objects.hashCode(DATA[index][0]);
}
@Override
public String getKey() { return DATA[index][0]; }
@Override public String getValue() {
return DATA[index][1];
}
@verride public String setValue(String value) {
throw new UnsupportedOperationException();
}
} .
// %3 AbstractSet # size() #= iterator() 7 &
static class EntrySet
extends AbstractSet<Map.Entry<String,String>> {
private int size;
EntrySet(int size) {
if(size < 0)
this.size = 0;
// T e DATA $48 K :
else if(size > DATA.length)
this.size = DATA.length;
else
this.size = size;
}
@override public int size() { return size; }
private class Iter
implements Iterator<Map.Entry<String,String>> {
// #/ Tterator RA—A Entry st%:
private Entry entry = new Entry(-1);
@Override public boolean hasNext() {
return entry.index < size - 1;
}
@verride
public Map.Entry<String,String> next() {
entry.index++;
return entry;
}
@override public void remove() {
throw new UnsupportedOperationException();
}
}

@override public



Iterator<Map.Entry<String,String>> iterator() {
return new Iter();
}
}
private static
Set<Map.Entry<String,String>> entries =
new EntrySet(DATA.length);
@0verride
public Set<Map.Entry<String,String>> entrySet() {
return entries;
}
}
// RlE—Ad 'size' ANERARGI S B
static Map<String,String> select(final int size) {
return new FlyweightMap() {
@Override
public Set<Map.Entry<String,String>> entrySet() {
return new EntrySet(size);
}
i
}
static Map<String,String> map = new FlyweightMap();
public static Map<String,String> capitals() {
return map; // #EAwBA
}
public static Map<String,String> capitals(int size) {
return select(size); // #omedt
}
static List<String> names =
new ArrayList<>(map.keySet());
/] FTAME L.
public static List<String> names() { return names; }
/] E5a k.
public static List<String> names(int size) {
return new ArrayList<>(select(size).keySet());
1
public static void main(String[] args) {
System.out.println(capitals(10));
System.out.println(names(10));
System.out.println(new HashMap<>(capitals(3)));
System.out.println(
new LinkedHashMap<>(capitals(3)));
System.out.println(new TreeMap<>(capitals(3)));
System.out.println(new Hashtable<>(capitals(3)));
System.out.println(new HashSet<>(names(6)));
System.out.println(new LinkedHashSet<>(names(6)));
System.out.println(new TreeSet<>(names(6)));
System.out.println(new ArraylList<>(names(6)));
System.out.println(new LinkedList<>(names(6)));
System.out.println(capitals().get("BRAZIL"));
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/* Hr:

{ALGERIA=Algiers, ANGOLA=Luanda, BENIN=Porto-Novo,
BOTSWANA=Gaberone, BURKINA FASO=Ouagadougou,
BURUNDI=Bujumbura, CAMEROON=Yaounde, CAPE VERDE=Praia,
CENTRAL AFRICAN REPUBLIC=Bangui, CHAD=N'djamena}
[ALGERIA, ANGOLA, BENIN, BOTSWANA, BURKINA FASO,
BURUNDI, CAMEROON, CAPE VERDE, CENTRAL AFRICAN
REPUBLIC, CHAD]

{BENIN=Porto-Novo, ANGOLA=Luanda, ALGERIA=Algiers}
{ALGERIA=Algiers, ANGOLA=Luanda, BENIN=Porto-Novo}
{ALGERIA=Algiers, ANGOLA=Luanda, BENIN=Porto-Novo}
{ALGERIA=Algiers, ANGOLA=Luanda, BENIN=Porto-Novo}
[BENIN, BOTSWANA, ANGOLA, BURKINA FASO, ALGERIA,
BURUNDI]

[ALGERIA, ANGOLA, BENIN, BOTSWANA, BURKINA FASO,
BURUNDI]

[ALGERIA, ANGOLA, BENIN, BOTSWANA, BURKINA FASO,
BURUNDI]

[ALGERIA, ANGOLA, BENIN, BOTSWANA, BURKINA FASO,
BURUNDI]

[ALGERIA, ANGOLA, BENIN, BOTSWANA, BURKINA FASO,
BURUNDI]

Brasilia

*/

THERUAE String DATA /83t (public) B9, 7EE MBS WEILIA. FlyweightMap 14
ZASCEN entrySet() 751, MZAEFTE—NEE X Set SLIFI— B E M HY Map . Entry
%, XEATH—fARRLHETT: 84 Map.Entry WREFHEERS], fIELRHR
BAE, HEATVEH getkey() B getvalue() B, BFEAXNERS SRIEEIFENHI DATA T3,
EntrySet FA{REHY size R T DATA,

Z B —EB4> B TE EntrySet. Iterator FHSLELHY, X EE A /Y DATA &GN ETE
XSGl EE— Map.Entry, IR MEREEHE — Map.Entry, Entry W REHIEE A DATA
BN —TED, ©RES— N TES string 4HK index, SHBRMEAEREN
next() F5{ERY, Entry HHEY index = EHIE, WHELIEMA T F—NroEX, K5 next() LG
£R[E| Iterator FX— Entry X%, ©

select() HIES AR —A FlyweightMap, EHEE T —MEEA/ND EntrySet, %75
B FTE TEEER capitals()  names() J5EER, BJLITE main() HEZ,

@ java.util Ff Map £fEFH getKey () A getvalue() JTEESRSLIIMEEH, FLUXERHBRETRE. MR
FAEE XH Map 2B HIEEA Map . Entry, XAMERSH A,



3.8 Collection B9IhEE

7 3-1FUH T EATATLLE Collection EHMEIFTA RIS (1ZF G M Object 2K HEI4E
AT ), EHXEEBHATLAE List, Set, Queue BL Deque B (4R, XEERE

O REIR =R MEESMITORE )o

Map F3E4EE H Collection, FrlIFEEEEMANE.

= 31

(=R

boolean add(T)

boolean addAll(Collection<? extends T>)

void clear()

boolean contains(Object o)

boolean containsAll(Collection<?>)
boolean isEmpty()

Iterator<T> iterator() Spliterator<T>
spliterator()

boolean remove(Object)

boolean removeAll(Collection<?>)

boolean retainAll(Collection<?>)

boolean removelf(Predicate<? super E>)
Stream<E> stream() Stream<E> parallelStream()
int size()

Object[] toArray()

<T> T[] toArray(T[] a)

FRIGE S ( BRI RIZET) AN RININEISRE T, WRE
BEIBELLD, MHEE false GXE—A “HIE” Y753, T—TIHR)

BEHPRE T RRINASRE . MREERFTEERINER, R
[E] true ( “ANE")

BRESTRIRETTR (“TiE")
WREAPEESH o A5 IAKNER, NRE true
MMREATHSEHRIFETTE, MEE true
REATRATTE, UERE true

BE—AE UTER SN TR Z B HIRIERES. Spliterator EAE
&, ATHEDR

MRSBHIBANT REEST, WBMRZTEN— N6, REE
T, WHRE true ( “Alik”)

BHRESMESHFTATIR, MRAEE T EMBE, MEE trve (“FliE”)

RARBESBEEHTER (NESEHNAET, fek “2HE ). mR
BETEMZEN, NLEE trve (“ATE")

BB MESTREAERRALHNES — TR
BE—EX AR A TR TT R A RRTR
BEEEAFITRNNE

BRI NEEREaTHIAETEREE

BE-MEESTRETENSRAE. SRNBTNEEESHECA
FYZEEL, To AR EHY Object

XA BTN IRTTER get() 5%, BEA Collection thE S Set, [ Set 4EH
EHCHANZSHEE TR (X EETLGREREE TR ). Hith, ERE Collection H

HITEER, WAERIERES.

XEBER T HPERY Collection 5%, Arraylist #7FEE “B/INVASE” A9— Collection :

// collectiontopics/CollectionMethods.java
/] FATT A Collection LA#y A 4Rk

import java.util.*;

import static onjava.HTMLColors.*;

public class CollectionMethods {
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public static void main(String[] args) {
Collection<String> ¢ =
new ArrayList<>(LIST.subList(0, 4));
c.add("ten");
c.add("eleven");
show(c);
border();
// A List g —A g4,
Object[] array = c.toArray();
// M List )@ —A String 4.
String[] str = c.toArray(new String[01]);
/! FEREXFRAITE, XERE
// RREZ 4B kT Comparable #w
/] RAnfTEIRE:
System.out.println(

"Collections.max(c) = " + Collections.max(c));
System.out.println(

"Collections.min(c) = " + Collections.min(c));
border();

/] H—NELFmEF— N AT
Collection<String> c2 =
new ArraylList<>(LIST.subList(10, 14));
c.addAll(c2);
show(c);
border()
c.remove(LIST.get(0));
show(c);
border();
/] BOASESHIIeaEE TR LE:
c.removeAll(c2);
show(c);
border();
c.addAll(c2);
show(c);
border();
/] EAMAEZRARREGEAST?
String val = LIST.get(3);
System.out.println(

"c.contains(" + val + ") =" + c.contains(val));
/] ENEARRREGEST?
System.out.println(

"c.containsAll(c2) = " + c.containsAll(c2));
Collection<String> c3 =

((List<String>)c).subList(3, 5);

/] BBRARELET 2A 3 PHHAALE
/] (REHRE):

c2.retainAll(c3);

show(c2);

/] B2 PHAE 3 FHALHAE:
c2.removeAll(c3);
System.out.println(

"c2.isEmpty() = " + c2.isEmpty());
border();

/7 S XARE:
c = new ArrayList<>(LIST);



c.removelf(s -> !s.startsWith("P"));
c.removelf(s -> s.startsWith("Pale"));

/] REM:

c.stream().forEach(System.out: :println);

c.clear(); // #hrALE

System.out.println("after c.clear():" + c);

1256

}

}
/* m;ﬁ : skoskosk skokoskosksk ok Skkkk
AliceBlue AntiqueWhite
AntiqueWhite Aquamarine
Aquamarine Azure
Azure ten
ten eleven
eleVEn 3k sk sk sk sk sk sk sk sk sk ok sk kst skok sk sk sk sk sk sk kol skokoskok sk
sk s sk sk sk ok ok sk sk sk sk sk ok sk sk sk sk kot sk sk sk sk kokskok sk AntiqueWhite
Collections.max(c) = ten Aquamarine
Collections.min(c) = AliceBlue Azure
3 sk sk sk ok ok sk sk sk sk ok ok sk sk ok sk ok skeskeskosk ok skokokeokok sk ok ten
AliceBlue eleven
AntiqueWhite Brown
Aquamarine BurlyWood
Azure CadetBlue
ten Chartreuse
eleVen s >fsfe sk s it skl sk kst skosk ok skok sk kok skok skok skokskokosk
Brown c.contains(Azure) = true
BurlyWood c.containsAll(c2) = true
CadetBlue c2.isEmpty() = true
chartreuse s sk sk sk sk st sk sk ok sk sk stk skt skesk sk ok sk ko skokoskok skokosk
sk sk sk ok ok sk sk skosk ok sk sk skosk skok skok skokskokok skok skokskok PapayaWhlp
AntiqueWhite PeachPuff
Aquamarine Peru
Azure Pink
ten Plum
eleven PowderBlue
Brown Purple
BurlyWood after c.clear():[]
CadetBlue */
Chartreuse

(#aE)

A TERBRT Collection #EO ZAMNKA TR ABIEMARE, XEAETJLNMEEARLK

3.9 HENEAIERME

PEER Arraylist, FHEEME FHALN Collection MER,

Collection % [THR FISK BT SRR AR BRERIE YT 5 2 AT IEATIR(E. XEWRE S

R R —E BRI ETTERITIRERE L.
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XFRE O RAREL, EMEIFERR, —MEORE—MRY, XHEH
Fit: TR IRERASIILX MED, BARIERTT AR M REEXEHEE,” (X
EREE OB DB ERR interface KT, WAILIEE—RMEMIE “EKIF R
75", ) BR “HIik” FREER TN EFREARREL, EXMERT, HRARLES
BASHGERYNGTA, MESMEHEE! RENNEMZ2UFHEERT .

BRIEERBAERE, MR- MREEEN, RERMDASKREZNME6EREA
BEOTHNITE. ERNESISESERE, UEERANSR LEREASGE, BEsfTH
TREEBEMETIVERRES TIE, © oh, KZHLL Collection ASEIITT ik H MiZ
Collection thifzHY, ffiHE Collection JUFRAE “EEUSIE” EBAETIEN.

AT ABATEAITEE N “FIik” BIY8? XAEMET LARS IR R IR BRI
H. EA4RENEMSITEFSERERREREFNE—FEL, CARR, B2
R gEEE R RGN, HARSEANRHESFEED ., XP “RZRE
1BIE” FIESLIT Java EEREN—NEEBR: XBERARREBFEIINER. A
FRIER — SRS, TOIERBILENEH#TT, Rifi, AT EXIMGEAEEN,
FEEBRU TS,

1. UnsupportedOperationException MR /NERE M, HELEF, ERHSEHT,
FrERIRIEERE IR, MR MRIERERIRBR T AR, 7 Java REREFHLE
XEE, ENBRNTIE 99% HIRT a8 FIHY ArrayList, LinkedList, HashSet #1 HashMap, LA
REAMPEMRSII, #HZHREREE, XMRTHRIRET - 517, TUelE—
ANFTHY Collection, KA Collection #2HHIRT A T IAEMRME A B LHIE X, MEMR
A EIERERN—EK,

2. YEANBEIE ARG I FFHY, UnsupportedOperationException R FJ RE7E SLHLAY L & HY
U, MARER - REZMEEAZE. XEEEN, R, e —MeEER: &’
TR MR T H AL,

EEERNE, AXFNRERESTNAREEI, FUXRERTHSEUERE,
MERIRZ BT Cr+ REEMESREIES, B4 Java ATREEERMES —FhErARE
BE. Java UREHSLARE, BEMERENDELE, FUREREANETR
FHEA—REIES, —BERIX— &, KRS AREER Java TEISEERERNE

O SRXFHATEERE, BT AH, BERMNEBEER T, XMESTRIEERA, /5l
REEMESE 19EH,



BIF7T .

RZHFRIBRAE

AEFNBREEERETREEBEE K/ NNBIEEWZENES. SR Arrays.
asList() IR — MEETN— List B, BITMSERXHIES . B Collections
Frhpy “AREMER” (unmodifiable ) FI753E, FATAILUSEILEMSES (& Mep) B
UnsupportedOperationException, FEMIRGIER T XFHIFIEN:

// collectiontopics/Unsupported. java

// Java £4-£F R LHMRME
import java.util.*;

public class Unsupported {
static void
check(String description, Runnable tst) {

try {
tst.run();
} catch(Exception e) {
System.out.println(description + "(): " + e);
}
}
static void test(String msg, List<String> list) {
System.out.println("--- " + msg + " ---");

Collection<String> c = list;
Collection<String> sublList = list.sublList(1,8);
// sublist #§3) K
Collection<String> c2 = new ArraylList<>(subList);
check("retainAll", () -> c.retainAll(c2));
check("removeAll", () -> c.removeAll(c2));
check("clear", () -> c.clear());
check("add", () -> c.add("X"));
check("addAll", () -> c.addAll(c2));
check("remove", () -> c.remove("C"));
// List.set() #&MB& T1E, 122
/] ERREZRFBLEMGR):
check("List.set", () -> list.set(0, "X"));
}
public static void main(String[] args) {

List<String> list = Arrays.asList(

"WABCDEFGHTIJKL".split(" "));
test("Modifiable Copy", new ArraylList<>(list));
test("Arrays.aslList()", list);
test("unmodifiableList()",

Collections.unmodifiableList(

new ArraylList<>(list)));
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/* W

- Modifiable Copy ---

- Arrays.asList() ---
retainAll(): java.lang.UnsupportedOperationException
removeAll(): java.lang.UnsupportedOperationException
clear(): java.lang.UnsupportedOperationException
add(): java.lang.UnsupportedOperationException
addAll(): java.lang.UnsupportedOperationException
remove(): java.lang.UnsupportedOperationException

- unmodifiablelList() ---
retainAll(): java.lang.UnsupportedOperationException
removeAll(): java.lang.UnsupportedOperationException
clear(): java.lang.UnsupportedOperationException
add(): java.lang.UnsupportedOperationException
addAll(): java.lang.UnsupportedOperationException
remove(): java.lang.UnsupportedOperationException
List.set(): java.lang.UnsupportedOperationException
*/

E N Arrays.aslist() &4 —NEEHEER/NWEASZTERN List, FrLIRZ#
SRS THAXNIREESEN., ERESREREHIESH /NG EE=SE
UnsupportedOperationException, FHLIHBHIER T MR FNFE (XE—NMREER ).

ER, BRELUE Arrays.asList() FIEEREE— MIESRSEFIBLE Collection
(W ETLLfEFE addALl() J53EEL static Collections.addAll() J57% ) SREIE— ML E&RE
TEMIE EEE S, FRA17E main() FEE—YRIE R test() X IHIT T RR. XEREREE
B —NHTHY Tulﬂéjﬁd\mﬁ}iﬁﬁ E

Collections 2HIHY “AREMEMH” HIFERKZESER —MREHR, MRHT TS
EAHFREBZEESHEMERSE, X MEHM ML UnsupportedoperationException, fif
AXETFENERNE~E - “EBN” WEENR. HERRRXE “RaEl” B
Collections J5iERISEEETIZ,

test() IR G — check() KeE T set() Hik, ZIFERE List I—Fpsr. XEH, “F
SRR EARBORIERR BT AL
unmodifiablelist() IREIFURT SR, FRAEMM “#O” WRERA —NITERNZESR], Arrays.
asList() REINE—/EIEA/N List, {HE Collections.unmodifiableList() ERkHIE—
ANFEEHRITIER, ERHRELIEER], ATLUME Arrays. asList() FrR[E List FHHYTTER,
FERNXASHING List [ “BlER/N KE, HEB, unmodifiablelist() FILEER N %
BEREELMEAA BN, WRERZED, REERMFONED: — M AT TIER




set() J39&, — A, XIT Collection FURFREIMEMRIFREL, HFEEHYMIEL,
N FUSREEANSEITTE, ESORRAZ 5 BB o] Y75 14 2 S ASLILH .

3.10 set 5EEIRF

EiGEE 12 ERRY Set smBINT B A Set FRVERIEIRM TRIGMINAH. Aifi, AHE
I, ABLERGIFEFE T Integer 7 String S FizE X HY Java 2281, E1HIRITH N
OUESEEHFER. FLERITE CHELN, BEER Set FEREM T TOREN 64
R (Map 2, FHIMTEWRFSEER), M Set WARSIMZASEZEZR . Hit, KA
K Set RUAAREHIFTHN, BN BRITEHRBIFENMREE Set FRIN RV EE RRINER
(5= 3-2),

= 32
£ & T A

Set (interface) ] Set RSN TEE L AEE—R, Set REWRIMEEMNITER. WRNE Set FHTER
IEDFENT equals() J5iE, FALIBRENRAIME—IE, Set 4872 T Collection, fIEEEE
IHMEIZREE. Set #E O RRIELMEMAFE IR FLET o=

HashSet* T R H AN R SRR Set, EVRIIAITTER MIUE X hashCode() F1 equals() Fik

TreeSet BFH set, REE—MIEH, BEXFAR, BITTLUAFEA set BEH—NEFHE
Hll, BERINBITTERMFISIIL Conparable #2[1

LinkedHashSet #78 Hashset &R E, HE W”Bﬁﬁﬁ?—/\iﬁﬁfﬁﬁjﬁﬁmf‘ﬂﬂniﬂﬁ IR (B AR

o BEIE, HEAERXA Set FkRE, SRELUBAIRF LN, EMARTRLIE L
hashCode() A equals() J5i%&

HashSet FE SRR, FERAEMARNBEN T, EMZERINPKINGEE, AN
EXSEEM T AL,

FTFafarE X hashCode(), BATSTEMZR C iR, 7EE LHORERN, MRENS
SUWEHEFREN G HEME, WSTNEGIE equals() ik, HERBEENRESHEK
A HashSet Bf LinkedHashSet st ( HashSet RSB L, EHAN'E N ZEFHITHIE Set L
PIRYEE—1R8E ), ZFUJURE X hashCode() 5. MM, N THRREFHREENE, EEE
equals() FItHEEE'S hashCode(),

XA RENER T ER G MFER Set SLISREEAR, —MNREIFESLIRTTE:

// collectiontopics/TypesForSets.java

/] 2R aTeERKE Set F, FEEAW T LRI %
import java.util.*;

import java.util.function.*;
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import java.util.Objects;

class SetType {
protected int i;
SetType(int n) { i =n; }
@Ooverride public boolean equals(Object o) {
return o instanceof SetType &&
Objects.equals(i, ((SetType)o).i);
}
@Override public String toString() {
return Integer.toString(i);
}
}

class HashType extends SetType {
HashType(int n) { super(n); }
@override public int hashCode() {
return Objects.hashCode(1i);
1
}

class TreeType extends SetType
implements Comparable<TreeType> {
TreeType(int n) { super(n); }
@0override public int compareTo(TreeType arg) {
return Integer.compare(arg.i, i);
/] FHT:
// return arg.i <i? -1: (arg.i==1i7?0 : 1);
}
}

public class TypesForSets {

static <T> void

fill(Set<T> set, Function<Integer, T> type) {
for(int i = 10; i >=5; i--) // BF

set.add(type.apply(i));
for(int i = 0; 1 < 5; i++) // #F
set.add(type.apply(i));

}

static <T> void

test(Set<T> set, Function<Integer, T> type) {
fill(set, type);
fill(set, type); // ERFWELh 4
fill(set, type);
System.out.println(set);

}

public static void main(String[] args) {
test(new HashSet<>(), HashType::new);
test(new LinkedHashSet<>(), HashType::new);
test(new TreeSet<>(), TreeType::new);
/] Rk
test(new HashSet<>(), SetType::new);
test(new HashSet<>(), TreeType::new);



test(new LinkedHashSet<>(), SetType::new);
test(new LinkedHashSet<>(), TreeType::new);
try {
test(new TreeSet<>(), SetType::new);
} catch(Exception e) {
System.out.println(e.getMessage());
}
try {
test(new TreeSet<>(), HashType::new);
} catch(Exception e) {
System.out.println(e.getMessage());

}

} /* Hrd
} [0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10]
[0, 9,8,7,6,5,0,1, 2, 3, 4]
[10, 9, 8, 7, 6,5, 4,3, 2, 1, 0]

4,1, 5,1, 0,5 6, 8 7,0, 2, 8,4 9,6 10.6, 7,
2, 9,10, 3,8,4,10,3,9,5,3,7,1, 2, 0]
[9,8,4,8,5,0,1,6,2,9,3,7,2,2,7,0,09, 5,
5,6,4,7,110,16,41,10,3, 3, 0, 10, 8]

[1e; 9, 8, 7,6, 5,0, 1, 2,3, 4,10, 9,8, 7, b, 5,
0,1, 2,3,4,10,09,8, 7,6,5,0,1, 2, 3, 4]

[10, 9, 8, 7, 6,5, 0,1, 2,3, 4, 10, 9, 8, 7, 6, 5,
0, 1,2,3,4,10,9,8,7,6,5,0,1, 2, 3, 4]
SetType cannot be cast to java.lang.Comparable
HashType cannot be cast to java.lang.Comparable

*/

N TIUERABBLE AN FREANEER Set EMNER, RNATERAREES, R0
T 3N,

FE—NEEL SetType, BRET —4 int, HFETLIET toString() & X ME,
PRIFTE Set HHIFT B HKELAIE —1> equals() 75iE, EILXNFEMEHETELE S, H
S EET int i BUESRAKR.

EAEYEAE SetType Y HashType, AT LEZZERIIT SR AT LI Set IR EFH
SCOLAR, 0T AERY hashCode() J5v,

=R TreeType, BEERFHEFES, LLAITE SortedSet ( TreeSet EHME—SLH )
HR{EFIXT S, TreeType ATSLELHY Comparable #2012 MERY, FER, 7E compareTo() HigHE
fFF return i-12 3XF “EEHRERR" ENX. BAXE—MELNREESR, FURE
ifli2#E “IE/FE” (unsigned ) BY int BN A BEIEE TIE ( HI#ER Java & unsigned 3¢
B, RMEHEE ), XT Java WHGER int, EMEERET, BAXENEERS
REF LR R NERS int BZE, R i 2—MEARWEERERE, fijE2— M aENE
RARI IR, i-j FiEHIRRE—NMAE, XS T .



/ On Jova

182/ v - s

T 738 5 75 B2 compareTo() JTIERE 24 5 equals() HIE— BB R HERF, MR
FRANEEOELE, equals() HIZEEN true, BBA compareTo() IG5 RN IZNE; TR
equals() fU45ERA false, BB4 compareTo() MYESERMIZE—MNEEE(E,

7E TypesForSets i, NG MRMES, fill() Ml test() MREHERHEXH. AT
ITF Set (94T, test() TEAFIMIRAY set EIAA T 3K fill(), EHXFIAEBENNR,
£Fi11() ATLLEESZ —AMERHKBLRY Set, M Function W HATRZAEXNREL, FNXARE
BT R EE — MEZEA int SHIEERE, FrRARITA LU X MEiEER 4 1F
Function 3RfE3E, B HMFRIEMIET Set FIXIHK.,

R, NTERFENEREIE, fl10) FEEREFRINT SR, ZRAF
WINTE TR, BHRE, Hashset 2B FRETRN. AMEMSCH, A
LEFXEERBR, BARESURECHEERFE. RERARINMERE—METRA
int, FFLLEA BB IR, LinkedHashSet SHZ BT RBARINFREREEAN], M
TreeSet NFZMBHEF L B E (EXMITHEREF, XEFENZE]T conpareTo()
HYSLEL T AR ),

3t F Set ERIVEPLEER(E, MIREMNTZIXERMLR LS EFfRER, e
H RIS, SetType B TreeType X578 G & BE#TE Y hashCode () 751%, HUXFEHIXRI
MNEABFSLIFE, HEHNESNME, XK T set WEBEAE., XIEBRITESEAR
%7, ENEEEREIHBITREER ., R0, BRIAM hashCode() BATERY, FTLAXEARHF
RIEH, HESENTHN, EREXMEFNERE, 8175528 uilEnA
B RS , |

YRR TE TreeSet Hr{fiFH —/NE A SLHI Comparable [UZEE!, BAT=EEI— 1A
HUSEER . X4 TreeSet 227 BHZ A 4 F{E Comparable i, SHIHIEE.

SortedSet
SortedSet FR{ T MIRES FHEFIRY, SortedSet #2 I RHISIAIRM THEL AL,

o Comparator comparator(): ARUFITFiZ Set HULLEEENS; WIREFEERHF, W
i=[E] null,

e Object first() : ApE/INIITTER,

o Object last() : R ARITTR.

e SortedSet subSet(fromElement, toElement): 4= piZ Sety— WA, & M
fromElement (A& ) & toElement (ANEE ) HITTER,



e SortedSet headSet(toElement) : A4:fkiZ Set —ILE, & /NTF toElement BIFF

ExE,
o SortedSet tailSet(fromElement) : Azf%iZ Set FU—MIE, A AFEHKETF fromElement
HEFETE,

TER—MEERRER:

// collectiontopics/SortedSetDemo.java
import java.util.*;
import static java.util.stream.Collectors.*;

public class SortedSetDemo {
public static void main(String[] args) {
SortedSet<String> sortedSet =
Arrays.stream(
"one two three four five six seven eight"
.split(" "))
.collect(toCollection(TreeSet::new));
System.out.println(sortedSet);
String low = sortedSet.first();
String high = sortedSet.last();
System.out.println(low);
System.out.println(high);
Iterator<String> it = sortedSet.iterator();
for(int i = 0; i <= 6; i++) {
if(i == 3) low = it.next();
if(i == 6) high = it.next();
else it.next();
}
System.out.println(low);
System.out.println(high);
System.out.println(sortedSet.subSet(low, high));
System.out.println(sortedSet.headSet(high));
System.out.println(sortedSet.tailSet(low));

} /¥ Bk

[eight, five, four, one, seven, six, three, two]
eight

two

one

two

[one, seven, six, three]

[eight, five, four, one, seven, six, three]
[one, seven, six, three, two]

*/

HEE, SortedSet HikE “RIBZNRIELERECRAEE", MAERE “@GATE".
ERBEAIRFIE, 8L LinkedHashSet,
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3.11 Queue

Queue HUSLINEREH, EREARAFANARITN. ALIINNEINETHR
G, TiREMEE, FTERE—NEANRE, BT RSH oueue LU, GFEETHEN
L, HATE—IRBATER, NA—umEH

// collectiontopics/QueueBehavior.java
/7 TR RITHA

import java.util.*;

import java.util.stream.*;

import java.util.concurrent.*;

public class QueueBehavior {

static Stream<String> strings() {

return Arrays.stream(
("one two three four five six seven " +
"eight nine ten").split(" "));

}

static void test(int id, Queue<String> queue) {
System.out.print(id + ": ");
strings().forEach(queue::offer);
while(queue.peek() != null)

System.out.print(queue.remove() + " ");

System.out.println();

}

public static void main(String[] args) {
int count = 10;
test(1l, new LinkedList<>());
test(2, new PriorityQueue<>());
test(3, new ArrayBlockingQueue<>(count));
test(4, new ConcurrentLinkedQueue<>());
test(5, new LinkedBlockingQueue<>());
test(6, new PriorityBlockingQueue<>());
test(7, new ArrayDeque<>());
test(8, new ConcurrentLinkedDeque<>());
test(9, new LinkedBlockingDeque<>());
test(10, new LinkedTransferQueue<>());
test(11, new SynchronousQueue<>());

} /* dirh.

: one two three four five six seven eight nine ten
eight five four nine one seven six ten three two
one two three four five six seven eight nine ten
one two three four five six seven eight nine ten
one two three four five six seven eight nine ten
eight five four nine one seven six ten three two
one two three four five six seven eight nine ten
one two three four five six seven eight nine ten
. one two three four five six seven eight nine ten
10: one two three four five six seven eight nine ten
11:

*/

wo~NoOULSsE WN -




Deque #2 [T tH4R&K H Queve, BRT HRSEZBAFIZSN, Queue EREHZFETT MM ARk
TR, EXNREIF, SynchronousQueue R ERIHEMESR, FAEE—MIZEN

5, BE—MEAREELAERE - NMEEHTRIENBIRREE, K2R,

3111 LK BAT

ZRE—MFNER (to-do list), HFHENNREE S —4 String, PAIKSBIFR

FEMELGFRERIRIIE., EEERIRT DS Comparable SR :

// collectiontopics/ToDoList.java
// PriorityQueue #9# £ x5 A
import java.util.*;

class ToDoItem implements Comparable<ToDoItem> {
private char primary;
private int secondary;
private String item;
ToDoItem(String td, char pri, int sec) {
primary = pri;
secondary = sec;
item = td;
}
@Override public int compareTo(ToDoItem arg) {
if(primary > arg.primary)
return +1;
if(primary == arg.primary)
if(secondary > arg.secondary)
return +1;
else if(secondary == arg.secondary)
return 0;
return -1;
}
@Override public String toString() {
return Character.toString(primary) +
secondary + ": " + item;
}
}

class ToDoList {
public static void main(String[] args) {
PriorityQueue<ToDoItem> toDo =
new PriorityQueue<>();
toDo.add(new ToDoItem("Empty trash", 'C', 4));
toDo.add(new ToDoItem("Feed dog", 'A', 2));
toDo.add(new ToDoItem("Feed bird", 'B', 7));
toDo.add(new ToDoItem("Mow lawn", 'C', 3));
toDo.add(new ToDoItem("Water lawn", 'A', 1));
toDo.add(new ToDoItem("Feed cat", 'B', 1));
while(!toDo.isEmpty())
System.out.println(toDo.remove());

Al:
A2:
B1:
B7:
C3:
C4:

*/

il
Water lawn
Feed dog
Feed cat
Feed bird
Mow lawn
Empty trash




X EER T AAE R S AT LB F 4% B R B alHE .

3.11.2 Deque

Deque ( SLHERAF ) B —4BAFI, EEAUEEE —mRIMAMBRTE, Javaé N
Deque RN T —MNEBRMEED, T EESSIEL T 1245 0 2SRl B B AR Deque T34

// collectiontopics/SimpleDeques.java
// 3+ Deque # F AR

import java.util.*;

import java.util.concurrent.*;

import java.util.function.*;

class CountString implements Supplier<String> {
private int n = 0;
CountString() {}
CountString(int start) { n = start; }
@Override public String get() {
return Integer.toString(n++);
}
}

public class SimpleDeques {
static void test(Deque<String> deque) {
CountString sl = new CountString(),
s2 = new CountString(20);
for(int n = 0; n < 8; n++) {
deque.offerFirst(sl.get());
deque.offerLast(s2.get()); // #=offer() —#
}
System.out.println(deque);
String result = "";
while(deque.size() > 0) {
System.out.print(deque.peekFirst() + " ");
result += deque.pollFirst() + " ";
System.out.print(deque.peekLast() + " ");
result += deque.pollLast() + " ";
}
System.out.println("\n" + result);
}
public static void main(String[] args) {
int count = 10;
System.out.println("LinkedList");
test(new LinkedList<>());
System.out.println("ArrayDeque");
test(new ArrayDeque<>());
System.out.println("LinkedBlockingDeque");
test(new LinkedBlockingDeque<>(count));
System.out.println("ConcurrentLinkedDeque");
test(new ConcurrentLinkedDeque<>());



E5ER

}

/* Erl

LinkedList

[7, 6,5 4, 3, 2, 1,0, 20, 21, 22, 23, 24, 25, 76,

27]

7 27 6265 2542432322212160 20

727 62652542432322212160 20

ArrayDeque

7, 6,5, 4, 3, 2, 1, 8, 20, 21, 22, 23, 24, 25, 26,

27]

7 27 6 2652542432322212160 20

727 6265254243232221216020

LinkedBlockingDeque

[4, 3, 2, 1, 0, 20, 21, 22, 23, 24]
4243232221210 20

4243232221210 20

ConcurrentLinkedDeque

[7, 6,5, 4, 3,2, 1,0, 26, 21, 22, 73, 24, 25, 26,

271
727 626525424323222121020
7 27 6 26 5254 24 323222121020
r

XEE LT Deque J5EMY offer Fl poll BzZs, E A4 LinkedBlockingDeque IR /NG
RIS, BIARESMEEE., FXR, % LinkedBlockingDeque FINTGERR, BSTEAZIHK
/INRFIRHMELE, RISRABRFELN offer,

3.12 IEfi# Map

BATEEMESE 12 EEARYS, Map (HAUKEREAE ) 4 ER - BRI (REX),
FRART DAGEF B R E#RME . Pk Java BEEL & £ Map FIELARSLH, 40 HashMap, TreeMap,
LinkedHashMap. WeakHashMap. ConcurrentHashMap {1 IdentityHashMap, ‘&1178 #HRIRIE 2%
Map O, EEETALEMXE, GFEHE, BENMERENERIT . RENRATE
ERE, ELEEREFTFHORN, UEKBHESHEAHAESE., M Map £ ORISLHILER]
LB HXAN T AREERE,

EHERAM T Map, FIIAAIMERBEERREREN, TEHE—MEERED

// collectiontopics/AssociativeArray.java

/] ARk

public class AssociativeArray<K, V> {
private Object[][] pairs;
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private int index;

public AssociativeArray(int length) {
pairs = new Object[length][2];

}

public void put(K key, V value) {
if(index >= pairs.length)

throw new ArrayIndexOutOfBoundsException();
pairs[index++] = new Object[]{ key, value };

}

@SuppressWarnings ("unchecked")

public V get(K key) {
for(int i = 0; 1 < index; i++)

if(key.equals(pairs[i][0]))
return (V)pairs[il[1];
return null; // &AKEXA4E

}

@Override public String toString() {
StringBuilder result = new StringBuilder();
for(int i = 0; 1 < index; i++) {

result.append(pairs[i][0].toString());
result.append(" : ");
result.append(pairs[i][1].toString());
if(i < index - 1)

result.append("\n");

}
return result.toStrin H
} a() /* HrdH:
public static void main(String[] args) { Too many objects!
sky : blue

AssociativeArray<String,String> map =
new AssociativeArray<>(6);
map.put("sky", "blue");

grass : green
ocean : dancing

map.put(“"grass", "green"); tree : tall
map.put(“ocean", "dancing"); earth : brown
map.put("tree", "tall"); sun : warm
map.put(“earth”, “brown"); 3?"Cl"g

map.put("sun", “"warm");

try {
map.put("extra", "object"); // #ET KA

} catch(ArrayIndexOutOfBoundsException e) {
System.out.println("Too many objects!");

}

System.out.println(map);

System.out.println(map.get("ocean"));

}
}

BB IR ST AR put() Fl get (), HEATETER, FNTEE T toString()
SRETENBEE XS, N TIERET LT, AT nain() FEIET — A~ String X AR
AssociativeArray, FFITENTLERRHIBLEY, Z/Ei@ get() RE THHFH—ME.

B get() 5k, BEEARNTEERM key, BRBERKKEEMFAER; MR



BAE], FRE null, get() JTIEFTERBEMX MERFE, TRERRINEEREINS
ERSERZEN: NEBEE RS, (EH equals() RIRLEE MR, EEXENESL
EERR T, MR,

XANMEARREBEER, BEEERNS, MEXNEEEN, AMAERE. 50
=, Jjava.util HHY Map & X LA,

3.12.1 EEE

HERERME Y — NEARFB, HEIENERN, 7F get() PEALEERIEEE.
HashMap [E27EiX— & FIEFEERN., BAEFREMELXNE, MEFH T —MUIEE
IBHRIRE, BHBEXE—FAE: EMCENNRPER—SER, HFEXLEER
HBARNEN R —A “HEXME—" {9 int, hashCode() ZRZE Object HHRY—J5ik, HEIth
FrAH Java W R ETREAE BFE S, HashMap <IEFAXT 52 HY hashCode(), FFEERHXMEFHD
SEUREE R, T G ZE e, ©

7% 3-3 JBR 7 ERM Map SLHL, HashMap FIESFRR, MEEEHEMAER, X%
EBMNBIANGEE, BT HEEMRT A, EMSCIENBIREE, EIRE HashMap
A,

= 33
& & T A
HashMap* ETFRARIIL, (ERXAZMRE Hashtable, ) 1B T R RBENBAFEERE. ATRUEN
SRR MERE, FIAMEES IR E X MAFHRNWEE (capacity ) MHEHEF (load factor )
LinkedHashMap ZE{UF HashMap, {HETERINSLUIBEANIRF SR/ A (least-recently-used, LRU) RINR

FPRISRES . BRiBPizsh, HERELL HashMap MK, W FIBHHIENR, BEAERT Rk AR
IEFE, FriAEt—LL

TreeMap EFIENTY., YRIMNEFRHAZREYN, £SRWENREFH (IRFED Conparable 5f
Comparator SEHTE ), TreeMap NEME, BRITESLUAEFNFXNERIGER, TreeMop £ME—1R4L T
subMap() 757EHT Map, ‘B &iR BRI —EBSY

WeakHashMap FHSSERAEARY Mep, BN TS RIS BT LABERERL . © RIS E LB RAmILIT Y. R
EXME 2O, BEEREREARENMEERNSIAE, AT XEEHThIRIIEE

ConcurrentHashMap  £EFEZ7£M Map, RAEFRARE . EATE 5 ZHiTie
IdentityHashMap WAL, B == AR equals() SRELESRE ., XA TRREIREEMEE, HEER

O WEXEIIEEER N RER EEREESR, WLUBN RS B O/ Map #—EINERRME L, FHRIEECD
RIS E 2Bkl LUBESaRA S Object ZERISREIEHRMIERER . WRNHEREEERRER, HE
BHEENTALMISEEENN GHENEFEITZR &3 fiF5EHK (58 2 M) (HHFREHRA
R ER Atk AR, 3L https://www.ituring.com.cn/book/926, — 4R ), FAHEASRREREE
5% (overflow bucket list ), XEHRMMFINOME: —EAILIMMMAHEFESE, —2LNE
B D R AR A TR AT R SR SR BN D
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W& R P SRTEBUSS Hh R R IR T 2o

i Map FRBEFNELSRAINT Set HnEWERE —FEH, BAT7E TypesForSets.java FEZ
ERT . [E{ARENFE — equals() 5iE, WERXMNEGHE THERABHFIN MapH, B
AR —ME 2419 hashCode(), HNELX/ N FIFE T TreeMap H7, BAAISLH Comparable,

R B R i F 2 B 72 X CountMap MR HEEE , 18R T HJ LAFE Map #2101 EHUITHY
BR1E:

// collectiontopics/MapOps.java
// TVALE Map E#AT 69 M

import java.util.concurrent.*;
import java.util.*;

import onjava.*;

public class MapOps {
public static
void printKeys(Map<Integer,String> map) {
System.out.print("Size = " + map.size() + ", ");
System.out.print("Keys: ");
/] ER AR Set .
System.out.println(map.keySet());
}
public static
void test(Map<Integer,String> map) {
System.out.printin(
map.getClass().getSimpleName());
map.putAll(new CountMap(25));
// Map A A T4ty Set 474
map.putAll(new CountMap(25));
printKeys(map);
// ER AR Collection :
System.out.print("Values: ");
System.out.println(map.values());
System.out.println(map);
System.out.println("map.containsKey(11): " +
map.containsKey(11));
System.out.println(
"map.get(11): " + map.get(11));
System.out.println("map.containsValue(\"FO\"): "
+ map.containsValue("F0"));
Integer key = map.keySet().iterator().next();
System.out.println("First key in map: " + key);
map.remove (key) ;
printKeys(map);
map.clear();
System.out.printin(
"map.isEmpty(): " + map.isEmpty());
map.putAll(new CountMap(25));
// TG AEZA Set LA REH Map :
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map . keySet () .removeAll(map.keySet());
System.out.println(
"map.isEmpty(): " + map.isEmpty());
}
public static void main(String[] args) {
test(new HashMap<>());
test(new TreeMap<>());
test(new LinkedHashMap<>());
test(new IdentityHashMap<>());
test(new ConcurrentHashMap<>());
test(new WeakHashMap<>());

} /¥ frd (RABTH1147)

HashMap

Size = 25, Keys: [0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24]
Values: [AG, B0, CO, DO, EO, FO, GO, HO, IO, JO, KO,
Le, Mo, Nne, 00, PO, Q0, RO, SO, TO, UG, VO, WO, X0, YO]
{0=A0, 1=BO, 2=C0, 3=D0O, 4=EO, 5=F0, 6=GO, 7=HO, 8=I0,
9=J0, 10=K0, 11=L0, 12=MO, 13=NO, 14=00, 15=P0O, 16=Q0,
17=R0O, 18=S0, 19=T0O, 20=U0, 21=V0, 22=W0, 23=X0, 24=Y0}
map.containsKey(11): true

map.get(11l): LO

map.containsValue("F0"): true

First key in map: 0

Size = 24, Keys: [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24]
map.isEmpty(): true

map.isEmpty(): true

*

printKeys() J5{A1E R T QAT 4 5k Map B9 — ™ Collection FLIE, keySet() J5iEs=4 Ak
—/NEH Map H SR R RY Set, FTED values() JFEMIER, BEI—NMEET Map R EE
9 Collection, (FE, BNHIEME—H, HEETLIEE, ) X% Collection HYEEH
Map RS HE, FrLAX Collection RYE(AMEEER = TE S H IRERHY Map FR{RELHIE

XMEFRIERER D NEA Map SRERME TEEBERIRE], FUR T EMERR Map 288,

3.12.2 SortedMap

%Uﬁﬁ SortedMap ( TreeMap B, ConcurrentSkiplListMap SCHL 7% ), W LIAREEH
FFHY, MIfiEICAEEFS SortedMap # L HRHYTT AR ALHYTORE

o Comparator comparator() : 42T 1% Map RULLE ISR ; WIRFEABERHEF, N
iR[E] null,
o T firstKey() : AEEiER/NIIHE,
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° T lastKey() : AEFURKHIE,

e SortedMap subMap(fromKey, toKey) : 4zfi% Map FI—NHLE, E& M fromkey (&
&) E tokey (AEE ) HIHE,

e SortedMap headMap(toKey) : £EfkiZ% Map FI—PMEE, E&/NT tokey FUFTE R,

e SortedMap tailMap(fromKey) : ZEfi% Map F9—MILE, BHEKRTEET fromkey B9
FrEs.

THEE—5 SortedSetDemo.java ZE{IRIRA], 1E-R T TreeMap FIEAM T

// collectiontopics/SortedMapDemo. java
// VA% TreeMap AT 893

import java.util.*;

import onjava.*;

public class SortedMapDemo {
public static void main(String[] args) {
TreeMap<Integer,String> sortedMap =
new TreeMap<>(new CountMap(10));
System.out.println(sortedMap);
Integer low = sortedMap.firstKey();
Integer high = sortedMap.lastKey();
System.out.println(low);
System.out.println(high);
Iterator<Integer> it =
sortedMap.keySet().iterator();
for(int 1 = 0; i <= 6; i++) {
if(i == 3) low = it.next();
if(i == 6) high = it.next();
else it.next();
}
System.out.println(low);
System.out.println(high);
System.out.println(sortedMap.subMap(low, high));
System.out.println(sortedMap.headMap(high));
System.out.printin(sortedMap.tailMap(low));

} Valk ¥

{0=A0, 1=BO, 2=CO, 3=DO, 4=EO, 5=F0, 6=GO, 7=HO, 8=I0,
9=J0}

0

9

3

7

{3=D0, 4=E0, 5=F0, 6=GO}

{0=A0, 1=BO, 2=CO, 3=DO, 4=E0, 5=F0, 6=GO}
{3=D0, 4=E0, 5=F0, 6=G0, 7=H0, 8=I0, 9=J0}
*/




XE, BENEZBREIITEFEER. FA TreeMap 2FFHY, “EM” AU
WRARBRK T, FUARNTAT LR EE —MIRE— 1 e = AR FILT,

3.12.3 LinkedHashMap

NTHREHEE, LinkedHashMap XfFT A IZRFEENHIT T IAFIE, (BEERALEF
WS IRE AR S EXS (System.out.println() FEIZMSY BT THEM, ATLAFAT
BEERIBINAVE R ). 1SN, BILLTE LinkedHashMap F9M & e Hit T ECE, LEFERET
GIRENELRDHER (LRU) &, XENIE, ARG AN TERSHIESIREIE
(T AL TR RREBRIERRYE ), XEET LURRGIEA TR AT EHEENER .
XA E BRI R T XN

// collectiontopics/LinkedHashMapDemo.java
// TvAfe LinkedHashMap L4794

import java.util.*;

import onjava.*;

public class LinkedHashMapDemo {
public static void main(String[] args) {
LinkedHashMap<Integer,String> linkedMap =
new LinkedHashMap<>(new CountMap(9));
System.out.println(linkedMap);
// BBRER VR GIRA
linkedMap =
new LinkedHashMap<>(16, 0.75f, true);
linkedMap.putAll(new CountMap(9));
System.out.println(linkedMap);
for(int 1 = 0; i < 6; i++)
linkedMap.get(i);
System.out.println(linkedMap);
linkedMap.get(0);
System.out.println(linkedMap);

} /*

{6=A0, 1=B0O, 2=CO, 3=DO, 4=E0, 5=F0, 6=GO, 7=HO, 8=I0}
{0=A0, 1=BO, 2=C0O, 3=DO, 4=EO, 5=F0, 6=GO, 7=HO, 8=I0}
{6=G0, 7=HO, 8=I0, 0=A0, 1=BO, 2=C0, 3=DO, 4=EO, 5=F0}
{6=G0, 7=HO, 8=I0, 1=BO, 2=CO, 3=DO, 4=E0, 5=F0, 0=A0}
*

BENHLELBAINFRERRN, HEE LRURAFBE ., &M, 7 LRU kA
o, 7 (INER) 6¢%EWWMLZF &G 3N EHEWNEIPIRRIETE. A5, =
0 BIIESIAIZIE, ERRBEIFIRIIER.
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B—BHTEANWMITE, E11H java.util.Collections HHY static J5iEFRR.
HRATEA N —8, a0 addAll(), reverseOrder() F] binarySearch(), XEE/M4H5—&
( synchronized ] unmodifiable T EEEFENA ). 7E7 3-4 F, BATERIEMHERIER
TEATEE,

x 34

TERH T B

checkedCollection(Collection<T>, Class<T> type). M Collection & Collection By FEA Bk F 2 A 4 5 —
checkedList(List<T>, Class<T> type). checkedMap(Map<K, V>, A ghzs, HKAEZLHINE, YTk AESKRERR
Class<K> keyType, Class<V> valueType). checkedSet(Set<T>, AR, BTLMEREN]. BRAOERMSE 20.12 TR

Class<T> type). checkedSortedMap(SortedMap<K,
V>, Class<K> keyType, Class<V> valueType).
checkedSortedSet(SortedSet<T>, Class<T> type)

max(Collection), min(Collection)

max(Collection, Comparator), min(Collection, Comparator)

indexOfSubList(List source, List target)

lastIndexOfSubList(List source, List target)

replaceAll(List<T>, T oldVal, T newVal)

reverse(List)

reverseOrder(), reverseOrder(Comparator<T>)

rotate(List, int distance)

shuffle(List), shuffle(List, Random)

sort(List<T>), sort(List<T>, Comparator<? super T> c)

copy(List<? super T> dest, List<? extends T> src)

swap(List, int i, int j)

fill(List<? super T>, T x)

nCopies(int n, T x)

disjoint(Collection, Collection)

frequency(Collection, Object x)

emptyList()., emptyMap(). emptySet()

{55 Fl 2 HUIB A Y Collection HHEYSY & B R B TT %,
T E AR RS/ NITER

{gi ] Comparator 3318 Collection Hh RENER/INIITTER

4 target 7 source & — R HIIHIAI BRIIBIERS(;
WEEA HTE, NERE -1

1% target 7F source g JF— R I AL BRIECIAER
5(; WREEHIE, WRE -1

FH newval ##uFr A oldval
i BRI R A

& [E]— /™ Comparator, ¥ FSCIHL T Comparable<Ts 2 [
M RERNES, BALNERLERHEF. 521
JisASET LA FE AR ALY Comparator S5 IHF

¥ A TR AR D distance WIEE, W THBHARE
7R, BHEEGIRIFFRL

BETZE SRR . E—MERA B CHIBIIE, th
BT AR 26 — At 2R G R TRV RELIR

R B RIRF A SRR ER List<T> #EF. SRR
25—/ Comparator SKHEFE

¥ src FHITTREHIZ] dest F

LHGXAS List AL FAIE 1 70 j TR, THE
AREAHBRITFEIRBER

¥ List PR ATTREEHI x

RE—ANARNSG 0 IARETZE List<T>, HARESIR
HEEME

MRS AP IF A Collection BHILRF TR, MK[E

true
JR[E[X A Collection FIF x TR AVEE

IR E—NREAERYES List, Map X Set, EfTHEME
BISE VY, FrLAAEBRHY Collection ER xS ML INTE
ELT




EES
€9
TERH £ B

singleton(T x). singletonList(T x), singletonMap(K key, V AEFK— N REJZEHY Set<T>, List<T> B Map<K, V>, EHrh
value) BEETAESHOEN— TR
list(Enumeration<T> e) A B — A Arraylist<T>, GEHEBIHEM (ZRXW)

Enumeration ( Iterator FYRTE ) REINTTE., BAFE#E

HE R
enumeration(Collection<T>) HERE— N ERAY Enumeration<Ts

FER min() 1 max() ZE A Collection WRE AN, MIE List W&, FLLEITRHE
DR RZN X Collection HEF, (RIEMIZRIT, 7EHAT binarySearch() =LA
Xt List EREEHHST sort(), )

TNHBRBIER T 2R 3-4 HAE > T EREE AR

// collectiontopics/Utilities.java
// Collections T A #4ff &%+
import java.util.*;

public class Utilities {
static List<String> list = Arrays.asList(
"one Two three Four five six one".split(" "));
public static void main(String[] args) {
System.out.println(list);
System.out.println("'list' disjoint (Four)?: " +
Collections.disjoint(list,
Collections.singletonlList("Four")));
System.out.println(
"max: " + Collections.max(list));
System.out.printin(
"min: " + Collections.min(list));
System.out.println(
"max w/ comparator: " + Collections.max(list,
String.CASE_INSENSITIVE ORDER));
System.out.println(
"min w/ comparator: " + Collections.min(list,
String.CASE_INSENSITIVE ORDER));
List<String> sublist =
Arrays.asList("Four five six".split(" "));
System.out.println("index0fSubList: " +
Collections.index0fSubList(list, sublist));
System.out.println("lastIndex0fSubList: " +
Collections.lastIndexOfSubList(list, sublist));
Collections.replaceAll(list, "one", "Yo");
System.out.println("replaceAll: " + list);
Collections.reverse(list);
System.out.println("reverse: " + list);
Collections.rotate(list, 3);
System.out.println("rotate: " + list);



List<String> source =
Arrays.asList("in the matrix".split(" "))
Collections.copy(list, source);
System.out.println("copy: " + list);
Collections.swap(list, 0, list.size() - 1);

System.out.println("swap: " + list);
Collections.shuffle(list, new Random(47));

System.out.println("shuffled: " + list);

Collections.fill(list, "pop");
System.out.println("fill: " + list);
System.out.println("frequency of 'pop': " +
Collections.frequency(list, "pop"));
.

List<String> dups
Collections.nCopies(3, "snap");
System.out.println("dups: " + dups);
System.out.println("'list' disjoint ‘dups'?:
Collections.disjoint(list, dups));

// #FHF—A% X Enumeration :
Enumeration<String> e =

Collections.enumeration(dups);

= new Vector<>();

Vector<String> v
while(e.hasMoreElements())
v.addElement (e.nextElement());
// i&it Enumeration #—A% X84 Vector

/] E#HH—A List .
ArrayList<String> arraylList =
Collections.list(v.elements());
System.out.println(“arrayList: " + arraylist);
/*
[one, Two, three, Four, five, six, one]
'list' disjoint (Four)?: false

}
}
max: three
min: Four
max w/ comparator: Two
min w/ comparator: five

index0fSubList: 3
lastIndex0fSubList: 3

replaceAll: [Yo, Two, three, Four, five, six, Yol

reverse: [Yo, six, five, Four, three, Two, Yo]

rotate: [three, Two, Yo, Yo, six, five, Four]
copy: [in, the, matrix, Yo, six, five, Four]
swap: [Four, the, matrix, Yo, six, five, in]
shuffled: [six, matrix, the, Four, Yo, five, in]

fill: [pop, pop, pop, pop, pop, pop, pop]

frequency of 'pop': 7
dups: [snap, snap, snap]
‘list' disjoint 'dups'?: true

arraylList: [snap, snap, snap]

*/

BTSN T E S ERNT N, BEE S ninQ Al max() £ String. CASE_



INSENSITIVE_ORDER Comparator f, F/NBHERIZEER],

3.13.1 List FRYHEFEFIEH

7E List EHITHEFFIE RN TERMER SHT XN RBANRL A AENEFM
%4, {HEN1E Collections M3k Arrays Y static 757k, FHEMRFIER T E Utilities.
java B9 list #E:

// collectiontopics/ListSortSearch.java
// # A Collections T A &HF List #ATH A E K
import java.util.*;

public class ListSortSearch {
public static void main(String[] args) {
List<String> list =
new ArrayList<>(Utilities.list);

list.addAll(Utilities.list);
System.out.println(list);
Collections.shuffle(list, new Random(47));
System.out.println("Shuffled: " + list);
ListIterator<String> it =

list.listIterator(10); // 111
while(it.hasNext()) { // 12]
it.next();
it.remove();
}

System.out.println("Trimmed: " + list);
Collections.sort(list);
System.out.println("Sorted: " + list);
String key = list.get(7);
int index = Collections.binarySearch(list, key);
System.out.printin(
"Location of " + key + " is " + index +
", list.get(" + index + ") = " +
list.get(index));
Collections.sort(list,
String.CASE INSENSITIVE ORDER);
System.out.println(
"Case-insensitive sorted: " + list);
key = list.get(7);
index = Collections.binarySearch(list, key,
String.CASE_INSENSITIVE ORDER);
System.out.println(
"Location of " + key + " is " + index +
", list.get(" + index + ") = " +
list.get(index));
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/* k.

[one, Two, three, Four, five, six, one, one, Two,
three, Four, five, six, one]

Shuffled: [Four, five, one, one, Two, six, six, three,
three, five, Four, Two, one, one]

Trimmed: [Four, five, one, one, Two, six, six, three,
three, fivel

Sorted: [Four, Two, five, five, one, one, six, six,
three, threel]

Location of six is 7, list.get(7) = six
Case-insensitive sorted: [five, five, Four, one, one,
six, six, three, three, Two]

Location of three is 7, list.get(7) = three

*/

FIX AT ERAIHERE—RE, SR — Comparator SEHEF, HUAEARIFER
Comparator JEH{T binarySearch(),

Collections.shuffle() &% List HYJMFZS AFEN LY,

[1] list.listIterator(10) 7¢ list PRI E 10 KO T —1 ListIterator,
[2] HEEXA list HURIE 10 REFEE TR, while [EERFSHIBRE],

3.13.2 BIEREIEAY Collection B Map

W%, AIEE Collection BF Map M9 HisthR AN 2IEH T B, Collections ZEX AMHAT:
ERATEES - RENES, FRE—NHRENERAR, XNGEEESMZM: AT
Collection ffy ( ZEFCIEHI— Collection M{EEEEIKHIKAINGER ). AT ListBy, AT
Set 19, DIRFAT Map Y, FHEXREIER T WEESMESH RIZRARERIT:

// collectiontopics/ReadOnly.java
// £/ Collections.unmodifiable 7 &
import java.util.*;

import onjava.*;

public class ReadOnly {

static Collection<String> data =
new ArrayList<>(Countries.names(6));

public static void main(String[] args) {
Collection<String> c =

Collections.unmodifiableCollection(
new ArraylList<>(data));

System.out.println(c); // ik 2 T A
//- c.add("one"); // FREMEEE

List<String> a = Collections.unmodifiableList(



new ArrayList<>(data));
ListIterator<String> lit = a.listIterator();
System.out.println(lit.next()); // #&ZTAH
//- lit.add("one"); // F#etsEe

Set<String> s = Collections.unmodifiableSet(
new HashSet<>(data));

System.out.println(s); // iERTVAEY

//- s.add("one"); // F#fEEe

// *F SortedSet :
Set<String> ss =
Collections.unmodifiableSortedSet(
new TreeSet<>(data));

Map<String,String> m =
Collections.unmodifiableMap(
new HashMap<>(Countries.capitals(6)));
System.out.println(m); // R TrAéd
//- m.put("Ralph", "Howdy!");

// 5+ SortedMap :
Map<String,String> sm =
Collections.unmodifiableSortedMap (
new TreeMap<>(Countries.capitals(6)));

} /* Hr

[ALGERIA, ANGOLA, BENIN, BOTSWANA, BURKINA FASO,
BURUNDI]

ALGERIA

[BENIN, BOTSWANA, ANGOLA, BURKINA FASO, ALGERIA,
BURUNDI]

{BENIN=Porto-Novo, BOTSWANA=Gaberone, ANGOLA=Luanda,
BURKINA FASO=0Ouagadougou, ALGERIA=Algiers,
BURUNDI=Bujumbura}

*/

BAEMEERER “REMER” WHEASMARENKRE, BE—HR4EKE,
HEFATENESNETE, ME 24 UnsupportedOperationException,

REEHM—FER, ERESTARZZH, BUTHERLIEEERX MES.
—HeEwng, REFNTERER “Raed” WA~ ERSIARERINE5IH, —
BRI, ROSMAREOERNMEREEGRNETINET . I, XM TED
ARFBA WL — N AMERHIEE & 2R 2E PR private SR, RIEMTTIETEARE—ME
MiZEENRIEE A, Hit, RITUEXMRAERE, B2EMAHEEE
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3.13.3 [E# Collection Bf Map

synchronized X F EZHBF BN —NEEH >, LLREFTFIENELR, KHES
BLENE, XEHEERH, Collections @& —FMEMALSENEEGHARN, HiEES
REMERI T IESSMU:

// collectiontopics/Synchronization.java

// 4R Collections.synchronized # %
import java.util.*;

public class Synchronization {
public static void main(String[] args) {
Collection<String> c =
Collections.synchronizedCollection(
new ArraylList<>());
List<String> list = Collections
.synchronizedList(new ArraylList<>());
Set<String> s = Collections
.synchronizedSet(new HashSet<>());
Set<String> ss = Collections
.synchronizedSortedSet (new TreeSet<>());
Map<String,String> m = Collections
.synchronizedMap (new HashMap<>());
Map<String,String> sm = Collections
.synchronizedSortedMap(new TreeMap<>());
}
}

B EEEBELE MM “FHE” (synchronized ) JFiEREEFIENES, WL L
RIDFTR, XEE—, BITMASZINMEIERENMARREHRET,

TRIERK

Java EEA M —MB5IEZMES (task) FANEREARERINE ., XBEEATE
BAMARE “ES RERTUMZBTHEY, mREERRE TSN “EE7,
A Java R SRAVEE (AT BB MR ERE A BE A AU SR

MBRERIEFEANIETEEMESNA, HAMEXNMEGHEBEA, B
HERT 1%, FARFESRELT: RFBRIMERETELBL TEMTR, 5
FERAEREGE, RFEAERINER size) ZFZE/NT SHENGEAR
%, Java BB KEEMR T —FHIELM (fail-fast) HlEHl, B IFHEMFIEHRMD
FHEIENNZESNER., URENZEMAEERXNMES, ERZHER T
ConcurrentModificationException, XFEEFTIEM “HuEHLW” : EAEEHAZEHEER—
AN BE S 2 ) S SRR )



THE M EEEMBIX RE R MALEIE R, BAICET —MEREE, HEXMNE
REBFEANSREHRII— TR, HEXE:
// collectiontopics/FailFast.java

/] I PR A7 /* Hrk
import java.util.*;

java.util.
; ) ConcurrentModificationException
public class FailFast { %/
public static void main(String[] args) {
Collection<String> c = new ArrayList<>();
Iterator<String> it = c.iterator();
c.add("An object");
try {
String s = it.next();
} catch(ConcurrentModificationException e) {
System.out.println(e);
}
b
}

ZHUHIIXARE, BEANERRTERSEZE, XERAEFHA— TR,

XNMEFFRAEITE, EREHER T EFNRMISIREOAERR—FE. X258
% MABERRE, FIUXTBEMEBARIMELE CRINE: EXMERT, Zik
BN TRERIEIE AT, KREHERBGENEE

ConcurrentHashMap. CopyOnWriteArraylList I CopyOnWriteArraySet &B{HH 7 ol L%
ConcurrentModificationException HYFE A,

3.14 #85lH

Jw&MWIﬁﬁ@§~ﬁ§,ﬂhﬁW%hfTE%%EEﬁO%ﬁEE%ﬁEW
FRARIRAE, XEEFREHA, B 3 MR H 525 Reference HYZE: SoftReference,
WeakReference F] PhantomReference, ® AR i FHAYNT 52 H BEIB I X L6 Reference XI5 Hff)
HE—ASiFRE, BPABNTRILUSADR SR 2R 1R AR R B R B

WRFEANREAERN, MBWERDERFHIE MG HREE, XOREEKRE :
i EE—NMEBISIAE, EEERXINNE; EITAE-—MEARMNRISIAE, s
AN RFE—NSIH, BARITHEHNS; BFFES M hEEE. MRENWR

@ Java FRIEIHEILIS N 4 B, SBIE3E3(H (strong reference, EITFXHIREIIE @S5I ). WEIH
( soft reference ). $85IF3 (weak reference ) FIFEE5IH ( phantom reference ), X 4 5| FRYGRE R

KEE. —FEE
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BAGAY, BIREERMAERRE, EATEERRNNEFER. QRENERA
Ak, BITNEFEEMNEERE, BANXMNSRHITAURERREZEH.

PR EATRT A Reference X RRARSLRFA — MEFAA NN RIIFIA, FrLAM XIS
RERAR, RAEBATHAFIRBERSERERZY SR, Eith, FITEMEERXNEER,
ERMRAFREFER, BILERE.

BATRX AMAY: EH— Reference WRIENBNTAIEL ®S[FZAFMT (—D
RE ), BN, REEFERMAZNRIEMEESIH (#2RE E7E Reference W RHH)
AR ), MERAIRINERLPRE T RAIBS — MR B AERZ, AR
PIE

SoftReference, WeakReference H1 PhantomReference Y 5 3 K7 AN [|] % Bl BY BT 3K 1,
EELCATERN “E57, KEIHEATINN NERRNER., 3851HH T LIAGHET
( canonicalizing mapping ) —ATIEEMEE A, WRIVSLEIE ARNERFFHREZ ML
BHEA—XASBEEIINE (5E) $Elk, 5 Java ZEHIHIMERL, E5IRATH
ERENSRZHERE (post-mortem ) BERNE, MEBER, M Java 9 Ff, Object.
finalize() FHEEWER . ESLIEH, M Java AW, EME—MERN. 2550E
TRABHIARIE o

TE(FHF SoftReference F[] WeakReference v, FRMTAILLIGEREES G EATZI— 1 ReferenceQueue
 (ZAFIE T ESEEEN(E ), {HE PhantomReference H BB/ %] ReferenceQueue 1, T
A —ME ERYER -

// collectiontopics/References.java
// Reference 5F £ 697% =

import java.lang.ref.*;

import java.util.*;

class VeryBig {
private static final int SIZE = 10000;
private long[] la = new long[SIZE];
private String ident;
VeryBig(String id) { ident = id; }
@0verride public String toString() { return ident; }
@SuppressWarnings ("deprecation")
@override protected void finalize() {

System.out.println("Finalizing " + ident);

}

}

public class References {



}

private static ReferenceQueue<VeryBig> rq =
new ReferenceQueue<>();
public static void checkQueue() {
Reference<? extends VeryBig> inq = rq.poll();
if(ing !'= null)
System.out.println("In queue: " + ing.get());
}
public static void main(String[] args) {
int size = 10;
/] BE B AITRER
if(args.length > 0)
size = Integer.valueOf(args[0]);
LinkedList<SoftReference<VeryBig>> sa =
new LinkedList<>();
for(int i = 0; i < size; i++) {
sa.add(new SoftReference<>(
new VeryBig("Soft " + i), rq));
System.out.println(
"Just created: " + sa.getlLast());
checkQueue();
}
LinkedList<WeakReference<VeryBig>> wa =
new LinkedList<>();
for(int i = 0; i < size; i++) {
wa.add(new WeakReference<>(
new VeryBig("Weak " + i), rq));
System.out.printin(
"Just created: " + wa.getLast());
checkQueue();
}
SoftReference<VeryBig> s =
new SoftReference<>(new VeryBig("Soft"));
WeakReference<VeryBig> w =
new WeakReference<>(new VeryBig("Weak"));
System.gc();
LinkedList<PhantomReference<VeryBig>> pa =
new LinkedList<>();
for(int i = 0; 1 < size; i++) {
pa.add(new PhantomReference<>(
new VeryBig("Phantom " + i), rq));
System.out.println(
"Just created: " + pa.getlLast());
checkQueue();
}
}

/¥ #irsk (87 10 47405 10 47 ) :

Just created: java.lang.ref.SoftReference@l9e0bfd
Just created: java.lang.ref.SoftReference@l39a55

Just created: java.lang.ref.SoftReference@ldb9742
Just created: java.lang.ref.SoftReference@l06d69c
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Just created: java.lang.ref.SoftReference@52e922
Just created: java.lang.ref.SoftReference@25154f
Just created: java.lang.ref.SoftReference@lOdeade
Just created: java.lang.ref.SoftReference@647e05
Just created: java.lang.ref.SoftReference@1909752
Just created: java.lang.ref.SoftReference@1f96302

Just created: java.lang.ref.PhantomReference@l6f6e28
In queue: null

Just created: java.lang.ref.PhantomReference@l5fbaa4
In queue: null

Just created: java.lang.ref.PhantomReference@leel2a?
In queue: null

Just created: java.lang.ref.PhantomReference@lObedb4
In queue: null

Just created: java.lang.ref.PhantomReference@l03dbd3
In queue: null

*/

ﬁﬁﬂ%@%,#%ﬁﬁ%iﬁﬂ*%iﬁiﬁﬁ UEBESREE, BINSERXYE
S BRI EESREIL T, EETIRT LLEIT Reference XY R G RIEAT ( AT LLEER get()
BRI SRITEEIE ), RITEESED], ReferenceQueue B B4 H —MEE null WHHY

Reference,

WeakHashMap

Java B & K K WeakHashMap i A IR FB5IH. XN REBERTCHRNESS
T, EXFEREETT, STREMEENE, RIREE—LE, DUETEEFEESE, 3
BREEEX/MERN, TREZNSTERIENNRHERTE (AEMLEIE ), Z
S RIS B MEXEE, (HEAAREEHRAE,

B R SR s MR R, P WeakHashMap FoifF bz il &2 28 H shiE AN FARYE,
e R, T1E Vosiatton SRR B BRI, 11 B2
5HL7E WeakReference M, X MEREHEAR, SHALMRKEREET, THE
— B ERRYE R :
// collectiontopics/CanonicalMapping.java
// WeakHashMap #7% 7

import java.util.*;
import java.util.stream.*;

public class CanonicalMapping {
static void showKeys(Map<String, String> m) {
/] BRI E



List<String> keys = new ArrayList<>(m.keySet());
Collections.sort(keys);
System.out.println(keys);
}
public static void main(String[] args) {
int size = 100;
String[] savedKeys = new String[size];
WeakHashMap<String,String> map =
new WeakHashMap<>();
for(int i = 0; i < size; i++) {
String key = String.format("%03d", i);
String value = Integer.toString(i);
if(i % 3 == 0)
savedKeys[il = key; // %4 “AE” 443| ARiEA
map.put(key, value);
}
showKeys (map) ;
System.gc();
showKeys (map) ;
}
}

18 K String FHE X AN BB BU B8, FATHL EH 53K 18 7 String AY hashCode()
equals(), FRLABTENMEFEHEEHTBERFEN (20 C ).,

BERBH A — METE savedKeys A, XEhSiRhIIRINEERS, XMERLT
{EERERT . AR EXEIKAEZS nap B WeakHashMap H.,

FEEA A System.ge() BBEILEN NN ER BTG, REED], RAEBLEEWRE
#| savedKeys FHAYTTE A S 4RELTFTE

3.15 Java 1.0/1.1 I&ESEE

=R, RERDZER Java 1.01.1 WEARREEN, BREHRIEDHERXE. &
WEHMNBEN, TAAECRENESE. HHNESAELRER, LIEERAZAHN.
EMNEEER T, FURERE# eSS mEeINHBER .

3.15.1 Vector #J Enumeration

7F Java 1.0/1.1 /1, ME—TTLLHZNY RIFFIRELE Vector, FTLLEWAEFER. W
MEdS, TEEXEER (2 Thinking in Java ), B2, BATTLHEEERITES
NIBEX KW ArrayList, 7EEIT/EHI Java SR & 2R, Vector #iE%EE T, ArLARTLATERN
Collection Al List i, Z55RRH, XAMIFAEGE, EANEELENRLLA Vector 218
BT, AMmSLbr b, BZbigaadk, RE2NTXRIHER Java i,
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Java 1.0/1.1 BRASHIIE R ERGEHE T — NS enumeration, TIAEMEHRFKEAGEE
HJRIE iterator, Enumeration #E[IEL Iterator /N, RAEMNIFE, MAERH TERKNIGIE

4. boolean hasMoreElements() FEXIZSH & B £ 7o &M f24E true, T Object nextElement()
HEAEELTEMRERXMZEN T — MR (ENHHEE ).

Enumeration HE— MO, MAESLEL, ¥rAUEEA IS5 7E#HHIHAY Enumeration, X1R
B, ([EEEELEN., WEARE, —FEAHCHRESMER Iterator, {HEHMEME
VRS RIS FLLE FE R 45 /R Enumeration,

It 4, 3@ 3T Collections.enumeration() 75 #, B LA fE fA] Collection 4 5 — >
Enumeration, ZILL N BIFr=:

// collectiontopics/Enumerations.java
// Java 1.0/1.1 ¥4y Vector #= Enumeration
import java.util.*;

import onjava.*;

public class Enumerations {
public static void main(String[] args) {
Vector<String> v =
new Vector<>(Countries.names(10));
Enumeration<String> e = v.elements();
while(e.hasMoreElements())
System.out.print(e.nextElement() + ", ");
// #H4E4T Collection A % —/ Enumeration :
e = Collections.enumeration(new ArraylList<>());

} ValE &--F

ALGERIA, ANGOLA, BENIN, BOTSWANA, BURKINA FASO,
BURUNDI, CAMEROON, CAPE VERDE, CENTRAL AFRICAN
REPUBLIC, CHAD,

*/

EARR Enumeration, FJLAYEFH elements(), SREHEFERFATHIFIEN,

B E— 170l T — 4 ArrayList, 3f 5 FJ enumeration() 75 ¥ & E M ArrayList {9
Iterator i&EI Enumeration, EEI, NSRFRATEAEF Enumeration FYIHMAD, (54RATLLEE
F#HMSREZE,

3.15.2 Hashtable

AN TI7E AR B WM BEXT LR B BN, EZAKHJ Hashtable 5 HashMap JEE AR, 2
AFEIEL., EHRIEE, BAHEH#F Hashtable M/~ HashMap,



3.15.3 Stack

/R B F LinkedList —#25[ AT, Java 1.0/1.1 HHJ Stack bR &F&: BRALL
HETTEEF Vector, MiRUEA T Vector, EItL, EF Vector WIS ARMENITA, SMI
Stack FI—LE17h, FAVRMEAE, XERTEHNERED. WAENENEE, EE%
BAESERBRENLHRESE, emf, BRITEZHNE, EEFICATRZRREETT
fiti, FTRAX/MERRIRIT A MR —RFE (FEFERE ).

THEHEX Stack IR HEER, ©¥ enum Y String FRoREZRF, BEilExR T AT
DAFER R A HIHD LinkedList 2 ERRSE(EE, HRLAGEAEMESE 12 E6IEERY Stack 25

// collectiontopics/Stacks.java
// Stack £&97Ew
import java.util.*;

enum Month { JANUARY, FEBRUARY, MARCH, APRIL,
MAY, JUNE, JULY, AUGUST, SEPTEMBER,
OCTOBER, NOVEMBER }

public class Stacks {

public static void main(String[] args) {
Stack<String> stack = new Stack<>();
for(Month m : Month.values())

stack.push(m.toString());

System.out.println("stack = " + stack);
// ®ARSE—A Vector :
stack.addElement("The last line");
System.out.println(

"element 5 = " + stack.elementAt(5));
System.out.println("popping elements:");
while(!stack.empty())

System.out.print(stack.pop() + " ");

// e LinkedList H#— Ak

LinkedList<String> lstack = new LinkedList<>();

for(Month m : Month.values())
lstack.addFirst(m.toString());

System.out.println("lstack = " + lstack);
while(!lstack.isEmpty())
System.out.print(lstack.removeFirst() + " ");

/] AERA AR 12 T4 Stack £
onjava.Stack<String> stack2 =
new onjava.Stack<>();
for(Month m : Month.values())
stack2.push(m.toString());
System.out.println("stack2 = " + stack2);
while(!stack2.isEmpty())
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System.out.print(stack2.pop() + " ");
¥ /% s
} stack = [JANUARY, FEBRUARY, MARCH, APRIL, MAY, JUNE,

JULY, AUGUST, SEPTEMBER, OCTOBER, NOVEMBER]

element 5 = JUNE

popping elements:

The last line NOVEMBER OCTOBER SEPTEMBER AUGUST JULY
JUNE MAY APRIL MARCH FEBRUARY JANUARY lstack =
[NOVEMBER, OCTOBER, SEPTEMBER, AUGUST, JULY, JUNE, MAY,
APRIL, MARCH, FEBRUARY, JANUARY]

NOVEMBER OCTOBER SEPTEMBER AUGUST JULY JUNE MAY APRIL
MARCH FEBRUARY JANUARY stack2 = [NOVEMBER, OCTOBER,
SEPTEMBER, AUGUST, JULY, JUNE, MAY, APRIL, MARCH,
FEBRUARY, JANUARY]

NOVEMBER OCTOBER SEPTEMBER AUGUST JULY JUNE MAY APRIL
MARCH FEBRUARY JANUARY

*/

String FoRE2M Month HEA RN, FH push() J7IEREA Stack 1, ZJEFA pop() 75
EMEBTEE ., AT S, IR Stack X% _EHAT T Vector #:E, ZFrLAETLL
XA, BEEANEEMYE, — Stack ghE— Vector (is-akF& ), EIL, FrETLE
Vector FHUATHIBRIEESRTLATE Stack L4, Ebd elementAt(),

WIRTETR, SEERNIT AR, B LinkedList Bi# M LinkedList ZEBIEETISREY
onjava‘Stackgéo

3.15.4 BitSet
BitSet Al LS EME —HAF R EIE., XENEREMNEESRNNHERED.
MRFESSA, SHAERFEENSEME L,

EAN, BitSet FYE/INKEAY F—A long E: 64 i, XEIKE, WREREFE/NK
ZRPE (LLan 8 AZROBE ), BitSet XIRFR=M., WRA/NE—NAE, BACIEBEDHIZE
FEEA - MUEREFHOIREE R EERENGE. (AAESEUBRRSEEHXR
ERFIRI RN ABEXAM, B RN ZREERERNTEECRIVE. IRHREEN
HORBENMRARKMMHXMRE, REASERADENE RN, FHRFERENME. )

BHESBEEAHERITRNELZN TR B, BitSet tEMI, NHEHYRBIE
7~ T BitSet BUMATIERY:
// collectiontopics/Bits.java

// BitSet #yiET
import java.util.*;



public class Bits {
public static void printBitSet(BitSet b) {
System.out.println("bits: " + b);
StringBuilder bbits = new StringBuilder();
for(int j = 0; j < b.size() ; j++)
bbits.append(b.get(j) ? "1" : "0");
System.out.println("bit pattern: " + bbits);
1
public static void main(String[] args) {
Random rand = new Random(47);
// 3% nextInt() &9 RAKA 24
byte bt = (byte)rand.nextInt();
BitSet bb = new BitSet();
for(int i = 7; i >=0; i--)
if(((1 << 1) & bt) !=0)
bb.set(i);
else
bb.clear(i);
System.out.println("byte value: " + bt);
printBitSet(bb);

short st = (short)rand.nextInt();
BitSet bs = new BitSet();
for(int i = 15; i >=0; i--)
if(((1 << i) & st) !'=0)
bs.set(i);
else
bs.clear(i);
System.out.println("short value: " + st);
printBitSet(bs);

int it = rand.nextInt();
BitSet bi = new BitSet();
for(int i = 31; i >=0; i--)
if(((1 << i) & it) !=0)
bi.set(i);
else
bi.clear(i);
System.out.println("int value: " + it);
printBitSet(bi);

// MK BitSet KT 64 4Leh L.

BitSet b127 = new BitSet();

b127.set(127);

System.out.println("set bit 127: " + bl127);
BitSet b255 = new BitSet(65);
b255.set(255);

System.out.println("set bit 255: " + b255);
BitSet b1023 = new BitSet(512);
b1023.s5et(1023);

b1023.set(1024);

System.out.println("set bit 1023: " + b1023);
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/*

byte value: -107

bits: {0, 2, 4, 7}

bit pattern: 101010010000000000000000000000000000000000
0000000000000000000000

short value: 1302

bits: {1, 2, 4, 8, 10}

bit pattern: 011010001010000000000000000000000000000000
0000000000000000000060

int value: -2014573909

bits: {0, 1, 3, 5, 7, 9, 11, 18, 19, 21, 22, 23, 24,
25, 26, 31}

bit pattern: 110101010101000000110111111000010000000000
0000000000000000000000

set bit 127: {127}

set bit 255: {255}

set bit 1023: {1023, 1024}

*/

RN B BRER BIEE T HEHLAY byte, short Al int, G— ERMHEHL/Y BitSet HAHRMAY
(IR, FEAN—A BitSet & 64 iZHY, FTLARXFEMIRE, AESEEK/NEI. REH]
O TEERHY BitSet, JERR, BitSet RTEMEMY &,

S FEEETE . SR ZH—HiRE, EnunSet ( 2RI 125 ) B EH BitSet &
YRS, B9 EnumSet T ERATHERIER S, T AREFRIGIAIE (bit location), Mifl
/DT IR, EnunSet IRE] ARG IERINRINFTHREMNE, RN RESEH—EEELIE
PR E IR, fEF BitSet AR Enunset Y FTR/D: BT ZRIARERRFES D
MRE, BIRERIREFAYISLIR, SERNTFE BitSet $RELHVRETRERIE ( = BitSet
F1 EnumSet Y JDK 3T ),

3.16 R4

ALk, SEEREESTRFEANIE. FEIES (W Python) EERNETEAR
HIEAER (FIFR. BUNERE ).

FUBRMIEEMBS 12 BHEEH, BUEE, RITTLIBRRMSII—EREHAN
TheE, FUERHE, AT EMRMERSES, RILDIAIRNENT#. HElE, BERE5EC
f9 hashCode() J57%, AR H T IaH BIF CEUFTHERNFERS ). MH, i1
Fi EMESLIE BN TR, UEREFEREEAID, AENMATXEMS,
FITE T R FESRENEM—LERANET . BE, RELNEREREFEM Java
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Ht
53

RERMEF T RERESR.

BRITEERELIFEERMEN (N TRESERITRENS WEL ), 7£C++ H, £
BEMARSAARRBET EiMl, XELZFH C++ EEREY ( ZRILFTAEEE ),
BEEFFAEHEIRE Java B, XE—FlImE; B—Mikime, B —NHB—10%
(collection ) HRRHISE &K E, BRAHESELMEFFIRICHMANAE, Java EERE
ZRAFERIME R Z MBS T, SRME, AEMSEERESHFE. 588 Java
FERR— SR AR R, XEFHFEMITHIEHER, mMEFHNE TEREZEN
2R,



£

# (
nmg% , X

RN ETEIE )
RS AT AR B SR  E X LR . ¢ 95

FERATTUABELRI S A RER

RO, W RERA T WA TEEAERIRR
Rt (TIEREEFINGREF ) BES. R Java B
FTREEMES (WCH) BHENESD, XUENHHI—1
51/ 8

EfRE Java 5 9 —THEHEES B#H. BREMHATH Java
TERE, HERERAEFIENELR. FELt, EBRER
AL AEMERREENEFECNIIMER, RERER
IFZE R ERE, TR ER SRR, EERATEL
ERRFEE N, HEBRERRE ‘iR RERaE.
B, TLUEXETTHURRAETE Java IRAAGH, FHHEHE
DIF g EEERG; MENRERE; NEmERL
BT EMEE APl SR Java FFTTE T JUFIEELRITTEUE,

@ Jeremy Meyer %[ 13k Crested Butte, FH#£ 7T FAMKR @RS
&=, M ELNT,
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EBERN, BRI ARRIEREE, UNAEIBREG 4, TEBERIE,

FRNEETSER, FEEEEBSHHRMOFTS. Javas5 3| ATE—HENE
java.lang HFY 3 NEFHNEEERE.

o @Override : FARFEFRZAARE NSEHELRFPHENFE. MERRN/NOHET
Fik&, BEERT RNEYNEL, HERSmESRE, ©

° (@Deprecated : WIRZTEWFEH T, NRERSAHES,

° @SuppressWarnings : KIIARHHIGREIFE S,

PAF & Java 7 #1 Java 8 FHEHIAERR,

e @SafeVarargs : Java 7 5IA, HATFEFEAZEIENTIESHII T IESMEEE T
SHE A R,
e (@Functionallnterface : Java 8 5| A, FITRALAIFHERSRZO,

FIMNEA 5 MEREE AT AR, IREEAESEIEN.

EUROIESREE TENREEON, BEEE UHAERR B bR EZTE,
5140 Enterprise JavaBeans ( EJB) HFRYFLZERIN T/EEH EJB3 HHIAEMEER.

EREATLIBR—EEA RS, W XDoclet ( — MBI NAS SRS S T A ),
HRE, EREEERNESAE, EILREBLN, FaESRENERRE. BiTE
FEREBREFEEENRBNAZERY, cERIDERS, BEETEN, BIEREER
By REM AP FI TR, REERIMNINETDLAEE (MAZFER), TTLHER
B F I AT KRR BRI (E

4.1 BXIE

FEFEIRGIT, testixecute() THEIRINT Test MR, ZIEMAGH AL MM
B, RRRIEBATHEIE CLASSPATH FHIFTE OTest HERRAIE N . ABRELOIE— Ml
REBRIBTETEN TR,

// annotations/Testable.java
package annotations;

O ZFEER, XZHT C# R—MEIUIIRERNER. C# FIZIIREE— M RBE, MitdEERE, HERH
IRIFESREIITHY, MAERU, HIR7E C# PEEFENTITIEN, YAUEH override XEF, fIfE Java
W, XYRZAY @Override EAEEAILEHI.
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import onjava.atunit.*;

public class Testable {
public void execute() {
System.out.println("Executing..");
}
@Test
void testExecute() { execute(); }
}

N T AR T AR AT AT TE X B, ABIHRRY @Test FEMERT LIRMEMIE IR —Eh
&R, fpublic, static#lvoid, NIBIEAEE, EENERTHMEHFEAMER,

411 TEMERE
DUF ARG RN BTSRRI E o FEMRIE B RSRIEFR GO E L., ShrE, &
FRRE(TEAD Java 2 0—FE, HEURERZEH.

// onjava/atunit/Test.java

// @Test /%

package onjava.atunit;

import java.lang.annotation.*;

@Target (ElementType.METHOD)
@Retention(RetentionPolicy.RUNTIME)
public @interface Test {}

BT QT ES, eTest WENIEHG—IEHO., ERNE HERLIATTIER
@Target A @Retention, @Target & X T VAT LAFEAILL R FHZIEME ( BIANTEERF R ).
@Retention & N TZIEMEAETRHD ( SOURCE ), KX (CLASS) HUBfTHY (RUNTIME) H12
HETH .

EEEEas—HTLIREENTR. BFRLAECETFRNTERX LS,
FEERERLEGEORE, RALRATLIVEEEERIANME.

EBEEARER (LR eTest ) FROUIRICIER
THE-METREFNEHAGINERER, BF RAFE I RERGIFRHIETA

RS EER I LR, TIE2EA LT B E SN AISCR TRIEHE, 4%
PO E TR A R F IR AR R EE A, REERRAREIRLSHN.

// annotations/UseCase.java
import java.lang.annotation.*;

@Target (ElementType.METHOD)
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@Retention(RetentionPolicy.RUNTIME)
public @interface UseCase {
int id();
String description() default "no description";

}

ER, idHdescription S57TEFRMELL. EN id = SEIRER[ORERE, Fr
AR ATR O st P BR B B e S 2 P BSOS AR D . description oA MEUAE,
WRIETTEGE RIS ARIEC Z T RmE, NERLERSERZRAE.

B—TUTFRXNE, BHR 3 MFiEgE@ame):

// annotations/PasswordUtils.java
import java.util.*;

public class PasswordUtils {
@UseCase(id = 47, description =
"Passwords must contain at least one numeric")
public boolean validatePassword(String passwd) {
return (passwd.matches ("\\w*\\d\\w*"));
}
@UseCase(id = 48)
public String encryptPassword(String passwd) {
return new StringBuilder(passwd)
.reverse().toString();
}
@UseCase(id = 49, description =
“New passwords can't equal previously used ones")
public boolean checkForNewPassword(
List<String> prevPasswords, String passwd) {
return !prevPasswords.contains(passwd);
}
}

HEETRENENS IR, TE UseCase FHHENEESS, B “&-E” MrlskE
7Ro L&k encryptPassword() JSIAREMEIF L description eREAE, EMEHIEETHE
fRAbTEZRRIAbTE S, @interface UseCase FUE MHIERAEESHIIFEILL,

B&—T, RAEAXFITER “A8” HIRNRR, REEBENEH<ER
ThEE.
4.1.2 TTikfE

Java IBEHERTRENX T 5 Mg (BIEENE ) F5 MroEm (IR 4-1).
TUEMBRN T X EMRHITIERE
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e B R
@Target ﬁﬁ%ﬂﬁﬁ%mﬁfﬂ%%ﬁmNMWWﬁﬁ@E:

- FIELD—FERRRA ((EIEREEE)
LOCAL_VARIABLE——7 3t A & 75 B
METHOD——75 35 75 H

PACKAGE—— 75 H

PARAMETRE——£ 8§ FH

- TYPE—3, 0 (EFEERIE) SREERER

@Retention &%%%ﬂuﬁﬁ%xoﬂ%m%mmmmnwéﬁ@%:

[ B

—CM$——EWT£X#¢TWﬁW%E% ESWEAYES
- RUNTIME——JEfRTEBATRMD BNV, BRILAT DU S 5 B R (R S

@Documented 7£ Javadoc #15 | NiZiEfi#
@Inherited FOVFTFRARAER TR
@Repeatable AL YRR T E— R (Java 8)

KEEREHE, (RATLUE B SR, AEETREREEREEE,

4.2 REEHGIESS

WA TESEEGER, e LFEF A ERTRELEY., ERERNIE
i, REEN—SEAEIERTRAESE. Java IR APIIRE TR, At
XET B, Java BIFREM T —/ javac RiRERHT, FSREREINERER.

PLTRRBIE— R SR R TSR, B iRE i fRHY PasswordUtils (D TH )
3, SRIEFIFE R 6T SRE £ QUseCase iR, BTN id EHIFR, ZEMRYIH T EHREIN
iR, FREREELRIAG,

// annotations/UseCaseTracker.java
import java.util.*;

import java.util.stream.*;

import java.lang.reflect.*;

public class UseCaseTracker {
public static void
trackUseCases (List<Integer> useCases, Class<?> cl) {
for(Method m : cl.getDeclaredMethods()) {
UseCase uc = m.getAnnotation(UseCase.class);
if(uc !'= null) {
System.out.println("Found Use Case " +
uc.id() + "\n " + uc.description());
useCases.remove(Integer.valueOf(uc.id()))
}
}
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useCases.forEach(i ->
System.out.println("Missing use case " + i));
}
public static void main(String[] args) {
List<Integer> useCases = IntStream.range(47, 51)
.boxed().collect(Collectors.toList());
trackUseCases (useCases, PasswordUtils.class);

}
/* Sl
Found Use Case 49

New passwords can't equal previously used ones
Found Use Case 48

no description
Found Use Case 47

Passwords must contain at least one numeric
Missing use case 50
*/

A EI B T 2 5 75 7% getDeclaredMethods() FIM AnnotatedElement 2 1 ( 34N

Class,

Method DAR% Field EXIERIREBSSIUNIZIZE T ) Hh4kASIHIAY getAnnotation() 75

%, ZIFEREREREIREMRN SR, FEARGIFE] UseCase, WIERTEIEMRITIE FIREIZ
IBERBIER, H=iRE null, JTTRIEBED AR 1id() A description() 75 EHREH
K. TEEL, encryptPassword() J5iAHIVEERHARIEE description ik, I 7% E iR
V& description() J3¥ARY, FARKMEESSTEHENERIAE no description,

4.2.1

EEITTE

TEZHIRY UseCase. java HA5E X T @UseCase tr%, HAPEE int 752 id #] String ;o=
description, DAINHIH TV AIFHIATETRIA:

R BHIEZR KA (int, float. boolean%)
String (FRFE)

Class (2£)

enum ( #22 )

Annotation ( 7 EfR)

9t & = it

MRZAFREMEAMER, FERBLMRE, £, EMNEEEBMEAATER
K, EHTHEBE0EEIE, EXSIhR EFF A =EamiRE, EREn TR
B, FURHESEZR, NRERRIFEER.
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4.2.2 BINMERIPRE

GRS TENBINEERIEE TR, ERRETEARCHE, IRRETRE
LEBINE, BAHFERZERNEREEE.

BAEB—RE: REEERRBAEERN, EREERTECEBMER, EAIEE
AR KRI TR RAREN null, XSFIRELLOEREHMENTREESS, BARE
TEEFAERERTHEENEER, EFLBEREZ TRETNERE (NEFHR
HEUE ) SRET X MR :

// annotations/SimulatingNull.java
import java.lang.annotation.*;

@Target(ElementType.METHOD)
@Retention(RetentionPolicy.RUNTIME)
public @interface SimulatingNull {
int id() default -1;
String description() default "*
}

BRE SRR — R

4.2.3 HEREIMERSIIH

O HE R sk — LRIME ESRES S TR AR AL R TR, 7EEFAXMIEZRES, FRRRIE
9. 0 Enterprise JavaBeans ( I EJB) XHEEHUFAR (7£ EJB3 HILZHT ) BEAREN
BEORESERRSTEER R R, EMERERNARAEA bean #HTESL. Web
RS . EENARLEE, DK Toplink. Hibernate Zx4% / xAME TE (ORM) BEHBTFE
FEfRD AN XML RS0, BN —A Java 2, BERENAZN — NZHRIEER
BEE, HURBAL, G245 —XUHEXFIRMENER . FTRIRA ARNERE
FIONE RSO, BB T — N AR MIINERER, XEESBRBNE
ERERE, FANXBERZIENEFRBRTE Java BFEH, EBHFAENAIRHE X
EERE R S

BIRAESII —E AR ORM ThEEsk Bal (W AR BERA0E, IRERTLUBN XML f
REECHSRIEFE KL, KPNE—NRE, URBREMNER. MRERER, (KT
DL FT B (S BES A AN RS R . EESLILMLIHRE, RREEMRE SRR
%, FRER, UREBNEIREER SaL K8,

PIFREIE— R, TRIEMOE SRR MIEER:
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// annotations/database/DBTable.java
package annotations.database;
import java.lang.annotation.*;

@Target(ElementType.TYPE) // R#EA T
@Retention(RetentionPolicy.RUNTIME)
public @interface DBTable {

String name() default "";

}

7E @Target {Ef#E 8 E IS ElementType ( TR EL ) HE —LAW, EEFFIF
PR N A TS ERE, (RATLUEE — 1 ER enun TRER, WATLEE—
MNHESSRBIEREHKNTIZR, WREKERENFET AR ElenentType, MIATLLKE
@Target FEfRELEILE, BARXAMAKEL,

7ER, @DBTable F7g M name() o3, ZIEMH LUBEL AN ERECIBIVEEER
BEERA.

AT R 2R T BREE R

// annotations/database/Constraints.java
package annotations.database;
import java.lang.annotation.*;

@Target (ElementType.FIELD)

@Retention(RetentionPolicy.RUNTIME)

public @interface Constraints {
boolean primaryKey() default false;
boolean allowNull() default true;
boolean unique() default false;

}

// annotations/database/SQLString.java
package annotations.database;
import java.lang.annotation.*;

@Target (ElementType.FIELD)
@Retention(RetentionPolicy.RUNTIME)
public @interface SQLString {

int value() default 0;

String name() default "";

Constraints constraints() default @Constraints;

}
// annotations/database/SQLInteger.java
package annotations.database;

import java.lang.annotation.*;

@Target (ElementType.FIELD)
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@Retention(RetentionPolicy.RUNTIME)
public @interface SQLInteger {
String name() default "";
Constraints constraints() default @Constraints;

}

@Constraints 7 fR S A 22 0] DIR B HH BB EE R U e 8k E, XA Y TEIE e #2 (3t
H—NNARTFE, RIE e IEE IR R — N ERIEES, @i primaryKey().
allowNull() FJ unique() FTTEIFEASHNENNE, ATUIEERERDRESRLIIE,

BINFA @interface AT E X SQL WIKEL, FFE, NTHEZEREGFHE, ALAE
MNEFING SQL HEUEE L —MERE. TEARBI, WNERSES T,

XL RIHAE — 4 name() FTLEFI—> constraints() jo&K, /FEFAMEERIIRE
MAFEREBWKIEELDREE, HE constraints() TTRMERINEE @Constraints, %
FERAR EENEE SR ETEETRE, i constraints() ERIAESLFR EE—1E
BHE —EBRINER @Constraints AR, ARG NERAY @Constraints FEMRAIME—MHEERIA
WEA true, AILME FHEIXFEE L ERITTER:

// annotations/database/Uniqueness.java
/] HEERT
package annotations.database;

public @interface Uniqueness {
Constraints constraints()
default @Constraints(unique = true);
}

AN R —ER T 2RI R

// annotations/database/Member. java
package annotations.database;

@bBTable(name = "MEMBER")
public class Member {
@SQLString(30) String firstName;
@SQLString(50) String lastName;
@SQLInteger Integer age;
@SQLString(value = 30,
constraints = @Constraints(primaryKey = true))
String reference;
static int memberCount;
public String getReference() { return reference; }
public String getFirstName() { return firstName; }
public String getLastName() { return lastName; }
@Override public String toString() {
return reference;
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}
public Integer getAge() { return age; }

}

2K fi# QDBTable & {E /y MEMBER, DAFHIEER L., B firstName A lastName ZBus i+
f#J9 @sOLString, FFEAIMEIEED Y 30 M50, XEFMEERERE, REE_: &%, E
&R ZI T INERIERE @Constraints FRRIBUIAE; HiK, BIER T HESS—WRRE
fRPRYTTR G E N value, AR EERE—IEEMNTTRALE, MELAER “&-E
XHIEE, REEERESAEEEEZERNT ., XTgEH T EAEENTERER,
B ERER AU TR 2N “value”, REEMFIFARIER T, XMWLERT AR
N H BRI RS,

@SQLString(30)

AR ER = FIZERIRERF AT SQL FRIVKE.

BINEREEBEAEE, BRIMSEEERENR, REFEFE reference LHIE
fi, EHH—/>esoLstring 7EfE, HERKN XML IEERNER, KUILTENBRE R
@Constraint AL B Te R K EY primaryKey, FROIFLEXE, EIRAEARTENEREE
FREREYTIRN ‘& -E” BN, EFfEETELN @interface WEHR, [HEEAM
PR ZHITTER value REEMW—IHEENTRE, FLURIEESEERTERR. E
RETERIN, RARERHRRIE.

EFEYES

SFRANFR, EFEMTTEROEER, 203k, aTISE —NY @TableColumn K
R, HPEE—1 enumtE, SRIE BN STRING, INTEGER, FLOAT XFEHIE, X
MABFENEG SQL KEHE —4 @interface T, [BHREIRIEBH size (KE ) 8L
precision (f5E ) FHVMITTE SR —SEMLRE, MXLEREEESTH.

TRWETEAEEA String TESRIEIASIFRAY SQL 285! ( ELAN VARCHAR(30) B INTEGER ), iX
EEIRET LUEMRZREL, KK Java 288UF0 SQL KA X RAEMRIBHREEE T, XHIRE
. RS RS LR E S N ES SR B AD., BRI ER, SFE
FRALRBRIRTBEM A “HOBK” (flavor ) BI SQL, JEALHE 7RIS T HY FESRAGELX LE4H TS,

SE=FHAI{TRYTT £ 2 R E R R NE MR ELSR R B AR B-——@Constraints NIAEN
B9 SQL 25%! ( bLan @SoLInteger ), XAKMME, EREREIRFE, FRiFEHMAVEY BIRE
IERMNERE, 7E Java 8 PERALEREN, H—MERILIESEA.
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4.2.4 FEBRASIFYE

BATFIERT @interface ] extends XFF , XRAMNE, —ERBEHNITEMZEZH
FrEEN I — R, & X —/NEfiE @TableColumn, ZiEMBNEIE S — MNNHIEfE @SQLType,
ISR ET DM @SOLType 4K FTA Y SQL 288!, 41 @SOLInteger A1 @SOLString, XAEHT LI
MDERRE TR, FHEEEERE, BB RS Java KRR HELZ FERUMENLER, £
XMIERT, EEXAMITFRZERE R RERET .

4.2.5 LIRSS
FEX A REIER T R B AR B S , IEEBURE LR, FRARL SQL
iy &SR EEREIEE :

// annotations/database/TableCreator.java
/] ATRAEEMBAEE

// {java annotations.database.TableCreator
// annotations.database.Member}

package annotations.database;

import java.lang.annotation.*;

import java.lang.reflect.*;

import java.util.*;

public class TableCreator {
public static void
main(String[] args) throws Exception {
if(args.length < 1) {
System.out.println(
"arguments: annotated classes");
System.exit(0);
}
for(String className : args) {
Class<?> cl = Class.forName(className);
DBTable dbTable = cl.getAnnotation(DBTable.class);
if(dbTable == null) {
System.out.println(
"No DBTable annotations in class " +
className) ;
continue;
}
String tableName = dbTable.name();
// 4=% name A=, M4£A Class name :
if(tableName.length() < 1)
tableName = cl.getName().toUpperCase();
List<String> columnDefs = new ArraylList<>();
for(Field field : cl.getDeclaredFields()) {
String columnName = null;
Annotation[] anns =
field.getDeclaredAnnotations();



e

if(anns.length < 1)
continue; // RRAHIEERFHE
if(anns[0] instanceof SQLInteger) {
SQLInteger sInt = (SQLInteger) anns[0];
// 4=R name A45%, HAFEL
if(sInt.name().length() < 1)
columnName = field.getName().toUpperCase();
else
columnName = sInt.name();
columnDefs.add(columnName + " INT" +
getConstraints(sInt.constraints()));
}
if(anns[0] instanceof SQLString) {
SQLString sString = (SQLString) anns[0];
// =R name AI8E, RAFEL
if(sString.name().length() < 1)
columnName = field.getName().toUpperCase();
else
columnName = sString.name();
columnDefs.add(columnName + " VARCHAR(" +
sString.value() + ")" +
getConstraints(sString.constraints()));
}
StringBuilder createCommand = new StringBuilder(
"CREATE TABLE " + tableName + "(");
for(String columnDef : columnDefs)
createCommand.append (
"\n " + columnDef + ",");
// FBIREIRGLS
String tableCreate = createCommand.substring(
0, createCommand.length() - 1) + ");";
System.out.println("Table Creation SQL for " +
className + " is:\n" + tableCreate);
}
}
}
private static
String getConstraints(Constraints con) {
String constraints = "";
if(!con.allowNull())
constraints += " NOT NULL";
if(con.primaryKey())
constraints += " PRIMARY KEY";
if(con.unique())
constraints += " UNIQUE";
return constraints;

173

/* Hr
Table Creation SQL for annotations.database.Member is:
CREATE TABLE MEMBER (
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FIRSTNAME VARCHAR(30));
Table Creation SQL for annotations.database.Member is:
CREATE TABLE MEMBER (

FIRSTNAME VARCHAR(30),

LASTNAME VARCHAR(50));
Table Creation SQL for annotations.database.Member is:
CREATE TABLE MEMBER(

FIRSTNAME VARCHAR(30),

LASTNAME VARCHAR(50),

AGE INT);
Table Creation SQL for annotations.database.Member is:
CREATE TABLE MEMBER(

FIRSTNAME VARCHAR(30),

LASTNAME VARCHAR(50),

AGE INT,

REFERENCE VARCHAR(30) PRIMARY KEY);
*/

main() FFIE SR & LT RHIRT B 2 4, forName() J5 i AR MBI A 2K, M
getAnnotation(DBTable.class) K 25 2% F 275 FH @DBTable ¥ fiR, WIRHA, SIS
Z 3R T 5k, %5 BT getDeclaredAnnotations() MME MR KK T AW FE. %
HESREE N EEAN S E WA MR, instanceof BIEMFANRAE X EEMRET
@SOLInteger A1 @SQLString 257, Rit2Wifh, #B4& M RTREROIEMERH string i
B, ER, ENFEMETEERED, Bl A getDeclaredAnnotations() & ME——HhEESL
PSR T R

N#REY @Constraint ¥ fEE W5 A getConstraints() J5i%&, &AM TAEES SQL
AR ERFE

EE—RIR, FERETRE Y —E ORM 2 REBIT R, MREAEES
JESyLHEY QOBTable KT, FEANBERLEEE, IRSHEEHRE Java (RED, (BIRATHE
FRT R, HVES T FHER T LIS R AR ORM, 7 ELESRMLS MIEETF
BEFIERR.

4.3 F javec AhIEERE

@id javac, YRETDIGIERGRRATIEM@ANIRES, FRIEMN AT Java FXXH, TIARSR
RERSSE, R XEAMEENRE: OB RO EIRN, R
Miyss BRI T 5 = B BRI ST AE



WMRERAEIZCET —MEX S, NEF—ROEPSRETZIHB SN
B, ZTAEs—REE RHFESNE, BRI REAFESHRAE, REmmiEieg
KRS

RS I NERERER ORISR, ER- javac AILURIAMBE S TIEfA IR Es T
HE. IRAILMEES N ELERIZE, FEEA RN T 22k B — 2 AL ST ARHI B A

ATTHRRIRBIEHEIRAL], EEURIRBERA TR, MEMTZEERTES, £
M Google #1 Stack Overflow EZE#& k],

4.3.1 RERAILER
LEBATTIE X —MER B R LIRSS ( LR GRRAIINA — SR 7G ) FFIA. Tl
RALIERRIIE X -

// annotations/simplest/Simple.java

[/ —AEFREGER

package annotations.simplest;

import java.lang.annotation.Retention;
import java.lang.annotation.RetentionPolicy;
import java.lang.annotation.Target;

import java.lang.annotation.ElementType;

@Retention(RetentionPolicy.SOURCE)

@Target ({ElementType.TYPE, ElementType.METHOD,
ElementType.CONSTRUCTOR,
ElementType.ANNOTATION TYPE,
ElementType.PACKAGE, ElementType.FIELD,
ElementType.LOCAL VARIABLE})

public @interface Simple {

String value() default "-default-";

}

@Retention ELFERR T SOURCE, XEBRE ZIEMASFAERIGIERIIRLDF, X F5mE
HIRVERERTE, AAREXAM—XHRBN T RIFIAT javac BHE—E VS OEIEERY
R,

@Target FERASIZE T JL A A RERY EARZEEL (BRT PACKAGE ), XEFRIFEHMHRENT

PUF 2 A SRR R 51 -

// annotations/simplest/SimpleTest.java

// MiX “Simple” Ef}
// {java annotations.simplest.SimpleTest}
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RYAR -

package annotations.simplest;

@Simple VAR »:F
public class SimpleTest { SimpleTest.foo()
@Simple */
int 1i;
@Simple
public SimpleTest() {}
@Simple
public void foo() {
System.out.println("SimpleTest.foo()");
}
@Simple
public void bar(String s, int i, float f) {
System.out.println("SimpleTest.bar()");

}

@Simple

public static void main(String[] args) {
@Simple
SimpleTest st = new SimpleTest();
st.foo();

}

}

AL, FRAF @Simple {EfE T HTA @Target AT RIFHINE

SimpleTest.java HER Simple. java BERkThEAR IR, BARRENLREFTLERARE.

javac e YFEFE @Simple MR ( REEREE ), EEF RSN EHEME, BREMNGE
T—AERALERE, FPEEAEEIRESET.

PUFRBIENIER GRS, SHi L _TEERIER

// annotations/simplest/SimpleProcessor.java
[/ —AEEFE R ERAEE

package annotations.simplest;

import javax.annotation.processing.*;

import javax.lang.model.SourceVersion;
import javax.lang.model.element.*;

import java.util.*;

@SupportedAnnotationTypes(
"annotations.simplest.Simple")
@SupportedSourceVersion(SourceVersion.RELEASE_8)
public class SimpleProcessor
extends AbstractProcessor {
@0override public boolean process(
Set<? extends TypeElement> annotations,
RoundEnvironment env) {
for(TypeElement t : annotations)
System.out.println(t);
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for(Element el :
env.getElementsAnnotatedwWith(Simple.class))

display(el);
return false;
}
private void display(Element el) {
System.out.println("==== " + el + " ===="

System.out.println(el.getKind() +
"1 " + el.getModifiers() +
"1 "+ el.getSimpleName() +
" + el.asType());
if(el.getKind().equals(ElementKind.CLASS)) {
TypeElement te = (TypeElement)el;
System.out.println(te.getQualifiedName());
System.out.println(te.getSuperclass());
System.out.println(te.getEnclosedElements());
}
if(el.getKind().equals(ElementKind.METHOD)) {
ExecutableElement ex = (ExecutableElement)e
System.out.print(ex.getReturnType() + "
System.out.print(ex.getSimpleName() + "
System.out.println(ex.getParameters() +
}
}
}

1
;
;

")

t)
)
(")
")

EREFRIIH apt ( B Annotation Processing Tool, ZRihfEfBaMEES ) BR AR R
AR R TR BN T VA SR A E B e 7 AT Java RRZSE] DARE S 5, MPIL7E RO LA B b
1 @SupportedAnnotationTypes F1 @SupportedSourceVersion JF @A ZFEREAI B (X4
REIREF IR RE T R A& RS ).

b M — R ESLIRY 5 1A & process(), HPEE THRAENBE, £— I 2MEEk
REWME TR, E_N2HNESR2THREER, BRI HEMER (R E—
A) BITENT Hsk, ETfRHEMIhEE, 2% TypeElement XT1Y,

1B 1 process() FIEMEE N2, BHAVEG A ¥ 0Sinple M=, FH H
X ENTTEEBERA T display() 5k, S Element H O] AEH B SHEKRE L,

getModifiers() BEEEIRENTE RS E public A static {9,

Element HEEH TR IFSRMBINT I A E AN R EENIRIE, MENSGESENEER
ENHEONAE R . B ( AERIREESRBIMERAISCRYS, FIREA B 2R MBI, BEEKEE
HERIFT A XOENE IR X — &, FEIGFR HBETE Stack Overflow LS AR ) REEL
KEE M ElementKind, AJ5H N H LY B BARKHI TR 28 —— b AL 5T X CLASS FY
TypeElement, DAAz%EFXS METHOD FY ExecutableElement, X5, RELE] LAXS X LE Element 25
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RIEFHEONITTET o

AR TEE ( FREREPHREE ) B—F “BA Java” WbESN, BEHER
SRAEEAREN, XA RERRMRAEX AMWER, R, BIETHELRRT T IZA
SRS R, BOFBERN apt HERORIIMH S S PEEN &, HAlAlk, 2R
EHBEMEERA ERERENE, EBERERCHENTET .

BRI B IE B HiZi% SimpleTest java, ASBEEMER., BEBEERIRELL,
BLEEENN k- -processor FRIRAIEARAL RS2 «

javac -processor annotations.simplest.SimpleProcessor SimpleTest.java
RGBS R A N HYES

annotations.simplest.Simple

==== annotations.simplest.SimpleTest ====

CLASS : [public] : SimpleTest : annotations.simplest.SimpleTest
annotations.simplest.SimpleTest

java.lang.Object
i,SimpleTest(),foo(),bar(java.lang.String,int,float),main(java.lang.String[])

mEma ] =

FIELD : [] : i : int

==== SimpleTest() ====

CONSTRUCTOR : [public] : <init> : ()void

==== foo() ====

METHOD : [public] : foo : ()void

void foo()

==== bar(java.lang.String,int, float) ====

METHOD : [public] : bar : (java.lang.String,int,float)void
void bar(s,i,f)

==== main(java.lang.String[]) ====

METHOD : [public, static] : main : (java.lang.String[])void
void main(args)

AT DLHREILE TR R H BT LUR RN, GfFEsia. K8, REEE.

432 BEEFNLER

LAl T — A javac ERIRERRALIERSS, EIDARER Java HISAIIRE,
BB ER R, TR RGBS, & nirror (81T ) ©ALURHVZIFE, 755k
BAMRERFEOERBREE E, FBR, KA.

DI RBIE—ANEMR, BM— A 2REL public F5ik, DL ENIHHNEN:

@ Java WG ERMUHIET, BTRMERREIRNIIITT.



// annotations/ifx/ExtractInterface.java
// AT javac #iE sz

package annotations.ifx;

import java.lang.annotation.*;

@Target (ElementType.TYPE)

@Retention(RetentionPolicy.SOURCE)

public @interface ExtractInterface {
String interfaceName() default "-!!-";

}

U , ‘/‘/
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H A RetentionPolicy & SOURCE, XZPEAMEHIREFEOS, MiEVEERH
FRAREREEZIERRE T . TN ERHISRAE T — L m] 4 B Y public J5ik:

// annotations/ifx/Multiplier.java
// AT javac ¥ iEMaE

// {java annotations.ifx.Multiplier}
package annotations.ifx;

@ExtractInterface(interfaceName="IMultiplier")
public class Multiplier {
public boolean flag = false;
private int n = 0;
public int multiply(int x, int y) {
int total = 0;
for(int i = 0; 1 < x; i++)
total = add(total, y);
return total;
}
public int fortySeven() { return 47; }
private int add(int x, int y) {
return x + y;
1
public double timesTen(double arg) {
return arg * 10;
}
public static void main(String[] args) {
Multiplier m = new Multiplier();
System.out.println(
"11 * 16 = " + m.multiply (11, 16));
}
}

/* Hrh:
11 * 16 = 176
2

Multiplier 28 ( HEEATFIEEER! ) A multiply() J5i%, BLEWIERMER add() 75
1%, DISCUUARTRERME, add() J53ERE public B9, HEIMFHRETEO, B ENERT —
EEETERYER R, 1Z7ERRY interfaceName #EM#ME A IMultiplier, DIVENEQIEMIZEOAZ,

TEHRER MR, BRI BGERYTE, H ORI RS
Xt CREXHZEEEN “WENR” M—25, HEHERE)
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// annotations/ifx/IfaceExtractorProcessor.java
// AT javac #iEfEAE

package annotations.ifx;

import javax.annotation.processing.*;

import javax.lang.model.SourceVersion;

import javax.lang.model.element.*;

import javax.lang.model.util.*;

import java.util.*;

import java.util.stream.*;

import java.io.*;

@SupportedAnnotationTypes(
"annotations.ifx.ExtractInterface")
@SupportedSourceVersion(SourceVersion.RELEASE 8)
public class IfaceExtractorProcessor
extends AbstractProcessor {
private ArraylList<Element>
interfaceMethods = new ArraylList<>();
Elements elementUtils;
private ProcessingEnvironment processingEnv;
@Override public void init(
ProcessingEnvironment processingEnv) {
this.processingEnv = processingEnv;
elementUtils = processingEnv.getElementUtils();
}
@0override public boolean process(
Set<? extends TypeElement> annotations,
RoundEnvironment env) {
for(Element elem:env.getElementsAnnotatedWith(
ExtractInterface.class)) {
String interfaceName = elem.getAnnotation(
ExtractInterface.class).interfaceName();
for(Element enclosed :
elem.getEnclosedElements()) {
if(enclosed.getKind()
.equals(ElementKind.METHOD) &&
enclosed.getModifiers()
.contains(Modifier.PUBLIC) &&
lenclosed.getModifiers()
.contains(Modifier.STATIC)) {
interfaceMethods.add(enclosed);
}
}
if(interfaceMethods.size() > 0)
writeInterfaceFile(interfaceName);
}
return false;
}
private void
writeInterfaceFile(String interfaceName) {
try(
Writer writer = processingEnv.getFiler()
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.createSourceFile(interfaceName)
.openWriter()
) {
String packageName = elementUtils
.getPackageOf (interfaceMethods
.get(0)).toString();
writer.write(
"package " + packageName + ";\n");
writer.write("public interface " +
interfaceName + " {\n");
for(Element elem : interfaceMethods) {
ExecutableElement method =
(ExecutableElement)elem;
String signature = " public ";
signature += method.getReturnType() + " ";
signature += method.getSimpleName();
signature += createArgList(
method.getParameters());
System.out.println(signature);
writer.write(signature + ";\n");
1
writer.write("}");
} catch(Exception e) {
throw new RuntimeException(e);
}
}
private String createArglList(
List<? extends VariableElement> parameters) {
String args = parameters.stream()
.map(p -> p.asType() + " " + p.getSimpleName())
.collect(Collectors.joining(", "));
return "(" + args + ")";
}
}

Elements X5 elementUtils 2 static T EAVES, B T1EI ESAE writelnterfaceFile()
FEREEA,

getEnclosedElements() AL MEE LR “BE” AR, ik, Z3KE
ETHARNARF, #Bid getkind(), FEATATLIFRZIFTER) public Al static I/57%, ¥4
BN TRINE] interfaceMethods FlIZRH1, #AJ5 writeInterfaceFile() @i IZFIFRIRAERFHTH
BOE X, FEELE writeInterfaceFile() #%t ExecutableElement HY A N &5 B HE FR(]E]
LUREXFT BRI IAE R createArglist() NIE—MERSEFTIRIFBISIE.,

Filer ( Hy getFiler() Zjk ) B—FEIEH M PrintWriter, ZFrLAfEA Filer 3
RIEFR N PrintWriter, BEN Filer SYR AF javac AR IROIENFIEH X
#, N LIRETITINER, HEFINY “wENER” PmEEI].
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W AR R AN B3 SR IR IR AT L
javac -processor annotations.ifx.IfaceExtractorProcessor Multiplier.java

e B A2 BRI IMultiplier.java 32, BREREB TEXAE (BT FENLAESEFH
println() IBA), {RUIFREHEIEE]) :
package annotations.ifx;
public interface IMultiplier {
public int multiply(int x, int y);
public int fortySeven();

public double timesTen(double arg);
1

B RIREtL A javac FTgRiE (BN “GREME” M—&4 ), EIRELER—
B FEHPEZ( IMultiplier.class M,

4.4 EFEBEA9RTIN

BT B — i LA —— B RIS T RE Gl — N E S NI, LUER
KBRS AHNTHREER, BEIE Java PEFITHHETRTEE JUnit (Z2E
B 16 2 ), JUnit 4 BIATHEM, CEMAEMRZRT, JUnit I— M EERBRFERE
HERSN TSI BERLEIT JUnit BTillid, BERRAMER, XMEHREEHEE, B2
RN IR REFA R RN E AR L” X1ER.

7E JUnit 4 ZRIBORRAT, (RFEBEAIE— MRMHZSRA R E TR, fifE
JUnit 4 5, fRETLLIG LIRS REBIEMNR A2 ,  IfoHs & FRE R A e e 2 SR R
BT A BN Rb——2 Wi private F5EEATII public J7iE—HERI

TEX MU ERREIEETERYY, FErfE eunit, JA—4 @Test FEMRRIR
HHEERNTTE, RREMDATERREREANNEER, Ba ikt liirE
REEWEEL, (GEE— boolean E 3R F R M ZRINEREM, IRATLLAMIHTT AR
ERIRERIZE, FRE, eUnit AMRAIIIRTT AR LIS EAREZERNGRBIR, S

private,

(A @Unit, ¢REEES|A onjava.atunit, F @Unit JEMBIREEFRICHIEHHITT AT
B ((RETEEENREIFEE ), REILWEAGELSRSE BT Unit, FTEHEMIRE

O BEAEETXEFAMETEESII— “EHR JUnit". %4f1, BER Junit 4 BREESIATRS
R RS, EE EIREE JUnit FIRA R HLRE H.
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// annotations/AtUnitExamplel.java

// {java onjava.atunit.AtUnit

// build/classes/java/main/annotations/AtUnitExamplel.class}
package annotations;

import onjava.atunit.*;

import onjava.*;

public class AtUnitExamplel {

public String methodOne() {
return "This is methodOne";

}

public int methodTwo() {
System.out.println("This is methodTwo");
return 2;

}

@Test

boolean methodOneTest() {
return methodOne().equals("This is methodOne");

}

@Test

boolean m2() { return methodTwo() == 2; }

@Test

private boolean m3() { return true; }

/] BiRm R R

@Test

boolean failureTest() { return false; }

@Test

boolean anotherDisappointment() {
return false;

}

}

/% Hr .
annotations.AtUnitExamplel
. anotherDisappointment (failed)
. methodOneTest
. failureTest (failed)
. m2 This is methodTwo

. m3
(5 tests)

>>> 2 FAILURES <<<
annotations.AtUnitExamplel: anotherDisappointment
annotations.AtUnitExamplel: failureTest

*/

B QUnit RIS A FTE fuh



methodOneTest(). m2(). m3(). failureTest() FI anotherDisappointment() & 75 ¥% Hi
T @Test LR R QUnit BERX B AN B TlESRIBT, ERFEHESHERXETGE
REUUEMZSE, F+EIREEN boolean BY void, R4mE HtilliXhy, HEEMENILE
FRINR R, FE43BIRE true B false (X T[] boolean {EHITTIX )

AIERRSY JUnit fREGR, FIRESERE enit FEEFENEEHL. (RAILIEZIEER
RO, EHRAEEEHSEAR, HFEREERERIRSBRMEIZATIE AT,

AEGIE FT HE A X RS FFRIER, AR A, EolEIERAT
HOiE,, BRI E R ERYRR:

// annotations/AUExternalTest.java

/7 RVEIEHENA R

// {java onjava.atunit.AtUnit

// build/classes/java/main/annotations/AUExternalTest.class}
package annotations;

import onjava.atunit.*;

import onjava.*;

public class
AUExternalTest extends AtUnitExamplel {
@Test
boolean tMethodOne() {
return methodOne().equals("This is methodOne");

}

@Test /* G

boolean tMethodTwo() { annotations.AUExternalTest
return methodTwo() == 2; . tMethodOne

} . tMethodTwo This is methodTwo

}
0K (2 tests)
*/

P RBIRIRRR T RS &Iirkt, X8, EREATIRRTER eTest FFEEIZTT
EMTTELRIE 47 Re g (BRIFRREEXME LR, REsT AT ),

IR ET A4 AR5 R B AR IR A B :

// annotations/AUComposition.java

[/ AIZEIEF NG

// {java onjava.atunit.AtUnit

// build/classes/java/main/annotations/AUComposition.class}
package annotations;

import onjava.atunit.*;

import onjava.*;
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public class AUComposition {
AtUnitExamplel testObject = new AtUnitExamplel();

@Test
boolean tMethodOne() { /% g
return testObject.methodOne() annota{ions.AUComposition
.equals("This is methodOne"); tMethodOne
¥ . tMethodTwo This is
@est methodTwo
boolean tMethodTwo() {
return testObject.methodTwo() == 2; 0K (2 tests)
} */
}

XELFNHECIE T — 1 AUComposition X5, HE It A& MUHECIEET —1
HTHY testObject AR A,

M JUnit RIE, XEFEEEIH “assert” (W5 ) ik, MEMEHT @Test FiEHY
S _FiEl, IRIEIT void ( EF boolean, UNER{R{IAFETEXERIA] true B false ), N
REERTD, YRATLUER Java TS 155, Java s —R7E java ap 1782 HH -ea
WERBH, HE it =HaEBRE . MREFRRAM, MEETLUEHRARE., eunit
HiEIT Bire —BRET RN EIMEAERE, M Java liSHIRENEREERITNFEN.
WRMNASES & TR S SHERE, NSO ANEAR, B2 @Unit FASEILHE
E—raiFsstt, BEFENNHEETEE. NEIpTR:

// annotations/AtUnitExample2.java

/] WiERFETL @Tests TAEA

// {java onjava.atunit.AtUnit

// build/classes/java/main/annotations/AtUnitExample2.class}
package annotations;

import java.io.*;

import onjava.atunit.*;

import onjava.*;

public class AtUnitExample2 {

public String methodOne() {
return "This is methodOne";

b

public int methodTwo() {
System.out.println("This is methodTwo");
return 2;

}

@Test

void assertExample() {
assert methodOne().equals("This is methodOne");

}

@Test
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| R -
void assertFailureExample() {
assert 1 == 2: "What a surprise!"”;
}
@Test
void exceptionExample() throws IOException {
try(FileInputStream fis =
new FileInputStream("nofile.txt")) {} // #k
}
@Test
boolean assertAndReturn() {
/] WFE AR,
assert methodTwo() == 2: "methodTwo must equal 2";
return methodOne().equals("This is methodOne");
}
} /¥ ik

annotations.AtUnitExample2

. assertFailureExample java.lang.AssertionError: What
a surprise!
(failed)

. assertExample

. exceptionExample java.io.FileNotFoundException:
nofile.txt (The system cannot find the file specified)
(failed)

. assertAndReturn This is methodTwo

(4 tests)

>>> 2 FAILURES <<<
annotations.AtUnitExample2: assertFailureExample
annotations.AtUnitExample2: exceptionExample

*/

N EE RS SCIRIER AR, X java.util.HashSet (T — LS fEi R A :

// annotations/HashSetTest.java

// {java onjava.atunit.AtUnit

// build/classes/java/main/annotations/HashSetTest.class}
package annotations;

import java.util.*;

import onjava.atunit.*;

import onjava.*;

/* vk
public class HashSetTest { annotations.HashSetTest
HashSet<String> testObject = new HashSet<>(); . tContains
@Test . initialization
. tRemove

void initialization() {

assert testObject.isEmpty(); 25 (3 tests)
}

@Test
void tContains() {
testObject.add("one");
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assert testObject.contains("one");

1

@Test

void tRemove() {
testObject.add("one");
testObject.remove("one");
assert testObject.isEmpty();

}

}

A BEMARBR T, HERRTTHEERUFERE,

MRS, eunit BB LSBWIETE, MEMENHEERET —4
W, WRASTEZNR Ei#HT, RERNRSWER, LB LEEMEERESEREIEMETT
M, XERBILSHIEETERAEN R, MREELEHNNERN, RERTE
BEEZRNMER, REEOE—MESTIEREENS, FHRIN @TestObjectCreate 7
file, FREGCTHEIXEE:

// annotations/AtUnitExample3.java

// {java onjava.atunit.AtUnit

// build/classes/java/main/annotations/AtUnitExample3.class}

package annotations;

import onjava.atunit.*;
import onjava.*;

/* Wk
public class AtUnitExample3 { annotations.AtUnitExample3
private int n; . initialization
public AtUnitExample3(int n) { this.n = n; } . methodOneTest
public int getN() { return n; } . m2 This is methodTwo
public String methodOne() {
return "This is methodOne"; 0K (3 tests)
} *
public int methodTwo() {
System.out.println("This is methodTwo");
return 2;
1
@TestObjectCreate
static AtUnitExample3 create() {
return new AtUnitExample3(47);
1
@Test
boolean initialization() { return n == 47; }
@Test
boolean methodOneTest() {
return methodOne().equals("This is methodOne");
1
@Test
boolean m2() { return methodTwo() == 2; }
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@TestObjectCreate AN AR SR, FELFUREIIRMIAAIZEREIIXS SR, @nit 12
X,

AN REERING T B R Bl @TestProperty JE A A] LIFRIRIX A T B ool
R FEE ( XHEERMAEFRENDEERBRXEFER ), THE2—rEl, Biki—
AN String.split() HIEYIBEHNFRFEE, ZESENEARERMEIER

// annotations/AtUnitExample4.java

// {java onjava.atunit.AtUnit

// build/classes/java/main/annotations/AtUnitExample4.class}
// {VisuallyInspectOutput}

package annotations;

import java.util.*;

import onjava.atunit.*;

import onjava.*;

public class AtUnitExampled {
static String theory = "All brontosauruses " +
"are thin at one end, much MUCH thicker in the " +
"middle, and then thin again at the far end.";
private String word;
private Random rand = new Random(); // & T & Ja B & e RAFT
public AtUnitExample4(String word) {
this.word = word;
}
public String getWord() { return word; }
public String scrambleWord() {
List<Character> chars = Arrays.asList(
ConvertTo.boxed(word.toCharArray()));
Collections.shuffle(chars, rand);
StringBuilder result = new StringBuilder();
for(char ch : chars)
result.append(ch);
return result.toString();
}
@TestProperty
static List<String> input =
Arrays.asList(theory.split(" "));
@TestProperty
static Iterator<String> words = input.iterator();
@TestObjectCreate
static AtUnitExampled create() {
if(words.hasNext())
return new AtUnitExample4(words.next());
else
return null;
}
@Test
boolean words() {
System.out.println("'" + getWord() + "'");



G | 189

return getWord().equals("are");

}

@Test

boolean scramblel() {
// RAEEAFTHRE|THRIEMER.
rand = new Random(47);
System.out.println("'" + getWord() + "'");
String scrambled = scrambleWord();
System.out.println(scrambled);
return scrambled.equals("1Al");

}

@Test

boolean scramble2() {
rand = new Random(74);
System.out.println("'" + getWord() + "'");
String scrambled = scrambleWord();
System.out.println(scrambled);
return scrambled.equals("tsaeborornussu”);

}
} /* dk

annotations.AtUnitExample4
. words 'All’

(failed)
. scramblel 'brontosauruses’

ntsaueorosurbs

(failed)
. scramble2 'are’

are

(failed)

(3 tests)

>>> 3 FAILURES <<<
annotations.AtUnitExample4: words
annotations.AtUnitExample4: scramblel
annotations.AtUnitExample4: scramble2
*/

@TestProperty [FIFERT LA FSRIRIRZEEM IR T A, (HEHESFHFREMHATTE.
XA T AT IR, 85 SRR TR — M B SEELT =,

WIERMA RS EFEN TGN, MEFEEEEBENSR, KoLk
Hi—E#7SHY @TestObjectCleanup 757, KAFEREAZEMHAN RERITEELIE, EF—1
i, @TestObjectCreate MIIFTFF—NICHFREES MU SR, FEIHAITEEFFIIE
ISE PSS E LN

// annotations/AtUnitExample5.java
// {java onjava.atunit.AtUnit
// build/classes/java/main/annotations/AtUnitExample5.class}
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package annotations;
import java.io.*;
import onjava.atunit.*;
import onjava.*;

public class AtUnitExample5 {
private String text;
public AtUnitExample5(String text) {
this.text = text;
}
@override public String toString() { return text; }
@TestProperty
static PrintWriter output;
@TestProperty
static int counter;
@TestObjectCreate
static AtUnitExample5 create() {
String id = Integer.toString(counter++);
try {
output = new PrintWriter("Test" + id + ".txt");
} catch(IOException e) {
throw new RuntimeException(e);

}
return new AtUnitExample5(id);
}
@TestObjectCleanup
static void cleanup(AtUnitExample5 tobj) {

. W . Wy /% Hrds
System.out.println("Running cleanup"); ; .
output.close(); annotations.AtUnitExample5

} . testl

@Test Running cleanup

boolean testl() { : F65t3
output.print("testl"); Running cleanup
return true; . test2

} Running cleanup

@Test 2K (3 tests)

boolean test2() { /

output.print("test2");
return true;

}

@Test

boolean test3() {
output.print("test3");
return true;

}

}

MU EEHEIIE Y, EEIRE, BETEENEEHNTT .

4.41 £ @unit PERIZE
FRISHR—MEBIIAE, EARTE “BABMiR", fiR AR ERIRESHE
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SHEREHTR., BHXANERERYDEREE : BB B A& — ML,

)

N ARG B SE I T — R

// annotations/StackL.java
// J LinkedList #z&a&
package annotations;
import java.util.*;

public class StackL<T> {
private LinkedList<T> list = new LinkedList<>();
public void push(T v) { list.addFirst(v); }
public T top() { return list.getFirst(); }
public T pop() { return list.removeFirst(); }

}

AERENNAF R RIS, M StackL<String> KA —MIIHZE :

// annotations/StackLStringTst.java

// ¥ @unit EATzH

// {java onjava.atunit.AtUnit

// build/classes/java/main/annotations/StackLStringTst.class}
package annotations;

import onjava.atunit.*;

import onjava.*;

public class /% Hrh
StackLStringTst extends StackL<String> { annotations.
@Test StackLStringTst
void tPush() { . tPop
push("one"); . tTop
assert top().equals("one"); . tPush
push("two"); 0K (3 tests)
assert top().equals("two"); */
}
@Test
void tPop() {
push("one");
push("two");

assert pop().equals("two");
assert pop().equals("one");

}

@Test

void tTop() {
push("A");
push("“B");
assert top().equals("B");
assert top().equals("B");

}

}

PAERRIE—BERER, IRERESAENEZEF private FSIERIRES . MRIRAT
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Bk, WIETCUERZ TN protected, EREVRII—MNEEFAE R @TestProperty J5AIEF
ZANETTIE ( ARERENZER AtUnitRemover T B M= RIDHFIES @TestProperty 7514 ),

QUnit SSETERE SIS SRR, RIEHIT @Test 7375, XIT QUnit TKARSE, FHHY
FEEFREFECREBH, NEERN @Test 5ERT EFER, MATEEMAVRIRIE
AT (BLARARZRHT JUnit A 73X EEE ). AR RINEMHTHIREE M LIRS 2
EARRETRERY, FELL @Unit SRDESHEEEERN, HAXE, RASHEERRS NN,

4.42 LI EUnit
B, BABREFrARNEREE, XEMEREHRE, FRREEMNFE, X
BEHREENAT @Test IREHIE N, T REHRHIER:

// onjava/atunit/TestObjectCreate.java
// @Unit @TestObjectCreate #7%

package onjava.atunit;

import java.lang.annotation.*;

@Target (ElementType.METHOD)
@Retention(RetentionPolicy.RUNTIME)
public @interface TestObjectCreate {}

// onjava/atunit/TestObjectCleanup.java
// @Unit @TestObjectCleanup ##%

package onjava.atunit;

import java.lang.annotation.*;

@Target (ElementType.METHOD)
@Retention(RetentionPolicy.RUNTIME)
public @interface TestObjectCleanup {}

// onjava/atunit/TestProperty.java
// @Unit @TestProperty ##%&

package onjava.atunit;

import java.lang.annotation.*;

// F# (Field) #ez ik (Method) #R+TA4kAzie % B (property):

@Target ({ElementType.FIELD, ElementType.METHOD})

@Retention(RetentionPolicy.RUNTIME)

public @interface TestProperty {}

BT T 9 25 5 JB HAETFR A2 7E RUNTIME N, X EEY QUnit RRBATESEFERIRID

HRAR U EX Sl

AT SEPLEfTX RN RS, BRI G SRIZEUERR . BF e (R Bk
USSR, FEE Bl EREEERNTFEERZE



// onjava/atunit/AtUnit.java
/] —ARTEMEGEAMNFIER

// {java onjava.atunit.AtUnit}
package onjava.atunit;

import java.lang.reflect.*;
import java.io.*;

import java.util.*;

import java.nio.file.*;

import java.util.stream.*;
import onjava.*;

public class AtUnit implements ProcessFiles.Strategy {
static Class<?> test(Class;
static List<String> failedTests= new ArraylList<>();
static long testsRun = 0;
static long failures = 0;
public static void
main(String[] args) throws Exception {
ClasslLoader.getSystemClassLoader()
.setDefaultAssertionStatus(true); // BA¥=E
new ProcessFiles(new AtUnit(), "class").start(args);
if(failures == 0)
System.out.println("OK (" + testsRun + " tests)");
else {
System.out.println("(" + testsRun + " tests)");
System.out.println(
"\n>>> " + failures + " FAILURE" +
(failures > 1 7 "S" : "") + " <<<"
for(String failed : failedTests)
System.out.println(" " + failed);
}
}
@Override public void process(File cFile) {
try {
String cName = ClassNameFinder.thisClass(
Files.readAllBytes(cFile.toPath()));
if(!cName.startsWith("public:"))
return;
cName = cName.split(":")[1];
if(!cName.contains("."))
return; // B kegex
testClass = Class.forName(cName);
catch(IOException | ClassNotFoundException e) {
throw new RuntimeException(e);
}
TestMethods testMethods = new TestMethods();
Method creator = null;
Method cleanup = null;
for(Method m : testClass.getDeclaredMethods()) {
testMethods.addIfTestMethod(m);
if(creator == null)
creator = checkForCreatorMethod(m);
if(cleanup == null)

-~
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cleanup = checkForCleanupMethod(m);
}
if(testMethods.size() > 0) {
if(creator == null)
try {
if(!Modifier.isPublic(testClass
.getDeclaredConstructor()
.getModifiers())) {
System.out.println("Error: " + testClass +
" zero-argument constructor must be public");
System.exit(1);
}
} catch(NoSuchMethodException e) {
/] RS HAEEMER, ZAFA
}
System.out.println(testClass.getName());
}
for(Method m : testMethods) {
System.out.print(" . " + m.getName() + " ");
try {
Object testObject = createTestObject(creator);
boolean success = false;
try {
if(m.getReturnType().equals(boolean.class))
success = (Boolean)m.invoke(testObject);
else {
m.invoke(testObject);
success = true; // J=REHH T LK
}
} catch(InvocationTargetException e) {
/] EEEFFEEe T
System.out.println(e.getCause());
}
System.out.println(success ? "" : "(failed)");
testsRun++;
if(!success) {
failures++;
failedTests.add(testClass.getName() +
"+ " + m.getName());
}
if(cleanup != null)
cleanup.invoke(testObject, testObject);

} catch(IllegalAccessException |
IllegalArgumentException |
InvocationTargetException e) {

throw new RuntimeException(e);
}
}
}
public static
class TestMethods extends ArrayList<Method> {
void addIfTestMethod(Method m) {
if(m.getAnnotation(Test.class) == null)
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return;
if(!(m.getReturnType().equals(boolean.class) ||
m.getReturnType().equals(void.class)))
throw new RuntimeException("@Test method" +
" must return boolean or void");
m.setAccessible(true); // %R % private #), %
add(m) ;
}
}

private static
Method checkForCreatorMethod(Method m) {
if(m.getAnnotation(TestObjectCreate.class) == null)
return null;
if(!m.getReturnType().equals(testClass))
throw new RuntimeException("@TestObjectCreate " +
"must return instance of Class to be tested");
if((m.getModifiers() &
java.lang.reflect.Modifier.STATIC) < 1)
throw new RuntimeException("@TestObjectCreate " +
"must be static.");
m.setAccessible(true);
return m;
}
private static
Method'checkForCleanupMethod(Method m) {
if(m.getAnnotation(TestObjectCleanup.class) == null)
return null;
if(!m.getReturnType().equals(void.class))
throw new RuntimeException("@TestObjectCleanup " +
"must return void");
if((m.getModifiers() &
java.lang.reflect.Modifier.STATIC) < 1)
throw new RuntimeException("@TestObjectCleanup " +
"must be static.");
if(m.getParameterTypes().length == 0 ||
m.getParameterTypes()[0] != testClass)
throw new RuntimeException("@TestObjectCleanup " +
"must take an argument of the tested type.");
m.setAccessible(true);
return m;
}
private static Object
createTestObject(Method creator) {
if(creator !'= null) {
try {
return creator.invoke(testClass);

} catch(IllegalAccessException |
IllegalArgumentException |
InvocationTargetException e) {

throw new RuntimeException("Couldn't run " +
"@TestObject (creator) method.");
}
} else { // BAARKGMES.
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try {
return testClass
.getConstructor() .newInstance();

} catch(InstantiationException |
NoSuchMethodException |
InvocationTargetException |
IllegalAccessException e) {

throw new RuntimeException(
"Couldn't create a test object. " +
"Try using a @TestObject method.");

}
}
}

R xmaeE s “SRER” (EAARBFRRARL—K), AtUnitjava TS —MUE
ProcessFiles Y T ESREERFHMATHIGNESH, DNMEEREFEREXH, FHit7HH
REFORbEE, ErhE s T —NEEHIN Strategy (REG) B2, PEILETN AT ZMITRI.

// onjava/ProcessFiles.java
package onjava;

import java.io.*;

import java.nio.file.*;

public class ProcessFiles {
public interface Strategy {
void process(File file);
}
private Strategy strategy;
private String ext;
public ProcessFiles(Strategy strategy, String ext) {
this.strategy = strategy;
this.ext = ext;
}
public void start(String[] args) {
try {
if(args.length == 0)
processDirectoryTree(new File("."));
else
for(String arg : args) {
File fileArg = new File(arg);
if(fileArg.isDirectory())
processDirectoryTree(fileArg);
else {
/] BETRAERERL:
if(larg.endsWith("." + ext))
arg += "." + ext;
strategy.process(
new File(arg).getCanonicalFile());
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} catch(IOException e) {
throw new RuntimeException(e);
}
}
public void
processDirectoryTree(File root) throws IOException {
PathMatcher matcher = FileSystems.getDefault()
.getPathMatcher("glob:**/* {" + ext + "}");
Files.walk(root.toPath())
.filter(matcher: :matches)
.forEach(p -> strategy.process(p.toFile()));

197

AtUnit Z55LH1 T ProcessFiles.Strategy, H A& process() 5%, HIth, AtUnit [
SLBIRT L& 45 ProcessFiles M9iEEE, MEEEHVEE —NEEUE 1R ProcessFiles EEHFTE

ML IS class FIXCHE,
IR BB FEERG

// annotations/DemoProcessFiles.java
import onjava.ProcessFiles;

public class DemoProcessFiles {
public static void main(String[] args) {
new ProcessFiles(file -> System.out.println(file),
"java").start(args)

7

}
/% sk .\HashSetTest.java
.\AtUnitExamplel.java \ifx\ExtractInterface.java
\AtUnitExample2.java A\ifx\IfaceExtractorProcessor.java
.\AtUnitExample3.java Aifx\Multiplier.java
\AtUnitExample4.java .\PasswordUtils.java
.\AtUnitExample5. java .\simplest\Simple.java
.\AUComposition.java .\simplest\SimpleProcessor.java
.\AUExternalTest.java .\simplest\SimpleTest.java
.\database\Constraints.java .\SimulatingNull.java
.\database\DBTable. java .\StackL.java
.\database\Member. java .\StackLStringTst.java
.\database\SQLInteger.java .\Testable. java
.\database\SQLString. java .\UseCase.java
.\database\TableCreator.java .\UseCaseTracker.java
.\database\Uniqueness.java */
.\DemoProcessFiles.java

(®HE)

ERAWSITZENBRT, BEFBREmERN, (RETLERES NS, 7
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DUBEXM (REXHLREGHA class B ) BER.

[E12IFA 15T AtUnit.java F93HE, @Unit & B EhEREIATIRHRIEATTE, RIHFAH
=2 “BEA JHEl.

AtUnit.java 7 S #22 CHERTA MU FFBRI R M2 Feit S AR &
B4 (AEAL), BERBOXMER, MOANTE . XIFESE, EhHIEHR
REl, OUB—A class XERET, BRI FEZXE, EREHN_HEKE, FES
ClassNameFinder.thisClass(), Iibh, TATEHA “FIMTRE" BIGE, EANBRIILR
FERESTTEERAET

// onjava/atunit/ClassNameFinder.java
// {java onjava.atunit.ClassNameFinder}
package onjava.atunit;

import java.io.*;

import java.nio.file.*;

import java.util.*;

import onjava.*;

public class ClassNameFinder {
public static String thisClass(byte[] classBytes) {
Map<Integer,Integer> offsetTable = new HashMap<>();
Map<Integer,String> classNameTable =
new HashMap<>();
try {
DataInputStream data = new DataInputStream(
new ByteArrayInputStream(classBytes));
int magic = data.readInt(); // Oxcafebabe
int minorVersion = data.readShort();
int majorVersion = data.readShort();
int constantPoolCount = data.readShort();
int[] constantPool = new int[constantPoolCount];
for(int i = 1; i < constantPoolCount; i++) {
int tag = data.read();
// int tableSize;
switch(tag) {
case 1: // UTF
int length = data.readShort();
char[] bytes = new char[length];
for(int k = 0; k < bytes.length; Kk++)
bytes[k] = (char)data.read();
String className = new String(bytes);
classNameTable.put(i, className);
break;
case 5: // LONG
case 6: // DOUBLE
data.readLong(); // %% 8FF

@ A Jeremy Meyer —BIE T LF—BRA BB RXHE,
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break;
case 7: // CLASS
int offset = data.readShort();
offsetTable.put(i, offset);
break;
case 8: // STRING
data.readShort(); // #F2F%
break;
case 3: // INTEGER
case 4: // FLOAT
case 9: // FIELD REF
case 10: // METHOD_REF
case 11: // INTERFACE_METHOD REF
case 12: // NAME_AND TYPE
case 18: // Invoke Dynamic (Z1&RMKS)
data.readInt(); // #3 4 FH
break;
case 15: // Method Handle (Fi414%)
data.readByte();
data.readShort();
break;
case 16: // Method Type (Fi:£% )
data.readShort();
break;
default:
throw
new RuntimeException("Bad tag " + tag);
1
}
short accessFlags = data.readShort();
String access = (accessFlags & 0x0001) == 0 ?
"nonpublic:" : "public:";
int thisClass = data.readShort();
int superClass = data.readShort();
return access + classNameTable.get(
offsetTable.get(thisClass)).replace('/', '.');
} catch(IOException | RuntimeException e) {
throw new RuntimeException(e);
}
}
/] T
public static void
main(String[] args) throws Exception {
PathMatcher matcher = FileSystems.getDefault()
.getPathMatcher("glob:**/*, class");
/] &h AL
Files.walk(Paths.get("."))
.filter(matcher: :matches)
.map(p -> {
try {
return thisClass(Files.readAllBytes(p));
} catch(Exception e) {
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throw new RuntimeException(e);

}

H

filter(s -> s.startsWith("public:
// .filter(s -> s.index0f('$') >=

.map(s -> s.split(":")[1])

.filter(s -> !s.startsWith("enums

.filter(s -> s.contains("."))
.forEach(System.out::println);

}

/* Hrk . onjava.0SExecute
onjava.ArrayShow onjava.0SExecuteException
onjava.atunit.AtUnit$TestMethods onjava.Pair
onjava.atunit.AtUnit onjava.ProcessFiles$Strategy
onjava.atunit.ClassNameFinder onjava.ProcessFiles
onjava.atunit.Test onjava.Rand$Boolean
onjava.atunit.TestObjectCleanup onjava.Rand$Byte
onjava.atunit.TestObjectCreate onjava.Rand$Character
onjava.atunit.TestProperty onjava.Rand$Double
onjava.BasicSupplier onjava.Rand$Float
onjava.CollectionMethodDifferences onjava.Rand$Integer
onjava.ConvertTo onjava.Rand$Long
onjava.Count$Boolean onjava.Rand$Pboolean
onjava.Count$Byte onjava.Rand$Pbyte
onjava.Count$Character onjava.Rand$Pchar
onjava.Count$Double onjava.Rand$Pdouble
onjava.Count$Float onjava.Rand$Pfloat
onjava.Count$Integer onjava.Rand$Pint
onjava.Count$Long onjava.Rand$Plong
onjava.Count$Pboolean onjava.Rand$Pshort
onjava.Count$Pbyte onjava.Rand$Short
onjava.Count$Pchar onjava.Rand$String
onjava.Count$Pdouble onjava.Rand
onjava.Count$Pfloat onjava.Range
onjava.Count$Pint onjava.Repeat
onjava.Count$Plong onjava.RmDir
onjava.Count$Pshort onjava.Sets
onjava.Count$Short onjava.Stack
onjava.Count onjava.Suppliers
onjava.CountingIntegerList onjava.TimedAbort
onjava.CountMap onjava.Timer
onjava.Countries onjava.Tuple
onjava.Enums onjava.Tuple2
onjava.FillMap onjava.Tuple3
onjava.HTMLColors onjava.Tuple4
onjava.MouseClick onjava.Tuple5
onjava.Nap onjava.TypeCounter
onjava.Null */

onjava.Operations

(A1)
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BRXBEAARERAIZHEMEHT, EE8MNENHEHEEN T —MREEREI, i
BEEREMAH T AR FREKFZTM ByteArrayInputStream FHEUHHYEIE B, 1EA]
LUBE S A RPATHRERE, SREMEG MR R EBRIA/N, 22005R0, (Ef2E3
FOsk 32 Rk R HEIR BRI : Oxcafebabe, © 3 B JERIFIMOEEEL (LR R
BE. FEMAETEFAENEE, AN REE. # FRIEELNEN T HEt
HAR/N, HIEAIPAER—NR/NEGERNEE., BEHNE N IE D R EE KEERE
BIZERE, HEBRMSTRES NI LRS, HibkiEzamitE e, B+
switch B, b, BATFFAREHEBEHISITRSEFRRELRE, mUERLED
iE, REFEEFBRMENESS, ARRSARARENBIEHEE T . KNEERES
7E classNameTable FI offsetTable HF, 7EiZENGEREM/G, BFESHE thisClass iE A,
BB offsetTable H92 5|, offsetTable M4 ik classNameTable 25|, ifi classNameTable
522N

[EZ] AtUnit.java, process() JFEIEBRITHEL, BIM#NMIUEEEESTEE .,
XREFEEBEET, RMEGTHHREWZARE, WREAET, NEhRERNRNEiEE
iZ Class. forName() FFiESRINEZZE . TIFED] LIRS HTZZEHHI QUnit R T .

HRANTHEEHE=REZETE: @Test 751k ({RTE7E TestMethods %1jZEH0 ), @TestObjectCreate
J5IER] @TestObjectCleanup J5i%, IEUMRTERD AL, XJUERERBESEBMERSGE
(FTFEHRER) KB,

WIS T (LA QTest 5%, EEERHEL, HEATUERHLRIEERELT 4,
BT RESHFTEINR. XEWESITEHINES, RSB createTestObject() J37%,
JEE & @TestObjectCreate J574& ( MNERZIFIEFTE; SNEEIREITLSHMHIEIESS ).
—HelgET AN %R, Eashiz g ifmihitrsit, RN ERE] boolean, Z5REH
3K, WRKRE, HREMHEEE (BRESEWS ANEEMEMRERENTE ),
TMEYAMRAETI T . EME T SE, ESTHHREEERUERNHET, MREEER
KW, RWHERD, FEREHHELSHEME failedTests, HIHEIFENIRESR
EREEBRER.

O XFZBAREFHEYL, TETREMANE,
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4.5 RB&5

ERE—MESYIN Java FifFE. BR—MEWLEEZ AR ERNRABHR
BRI %, FERLEBREEEREREANAT R, B BN EREE
R ST E A& g e e 48 5 T{E. Javadoc HHHY @deprecated FRZE#¥ @Deprecated /£
FRETEAS, XX — S EENE T H &SN Rk R RIS H AR B SR T A R SR R
EOE-

Java FUE D EIER, XEWRENRIMEAERLEREERE, EFEETE
BRI AERIBE, FIFE javac ETHAOERLERS, HF—Smtn) LAl
e, DiEafemEdig.,

£ AP FIIERFLE BRI I ER, EEAAVTAEGRN -, & eUnit &
g5, RETLIESR, FHMRRTRERS Java FURR IR HIRE RBIBES.,
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(BRETENIAT . BmLik.
W XETEIR, R, XEMANERT. BE,

IRBE.’
WREAKEHERT? ' BWLR.
REERRT, @k, SR TEREXE.

— (EWLTHUE), B6=

FIERTALE, BII—EEU—MELTECES =
R (BIBZRAMNERRINTRER) NREFEERE:
RIBHEEMIEEEE, S—SNRRBEAREEE. L,
FABRSE — N ZEIREN S, §—=/LAIRIMEZERT 47 X
BRENASREN,

DERMNAEEAF RIS, IRERIL5 R 47 X FH
BENERE. KNEREAETE, RIDNE RN ZmEEE
1. REHWHR, ERE—EFHETASERELE, MIRE
BRI EAEPZE,

FIAETS, BRI EEBEEFRERFHHFE: ¥
FEERE, FETEIEFHTHBRENIERE; HEE
AHE; JeFELER, mM—BRITEA—NEERE/N, £
A AEEREAFE ERIMHR (FANTFHEER), W—TE=
MEE, BMEERE -—MYEENFERE, HEETEZE
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EAEMN, —SYRESTR T B,

ML AR SERRAETE, RITBUEEGEHANT ZHBSEMENR T/
R, 45T A FE—HUSBRII G L FER 7 — MMZERS, T4 BRI R, ERA
BEEAWIT C 2T, XF/NUEHASRIFAMT, (RMETEEEIREHERAE
FRRETERA,

Wt EEFNSEIEES ‘B8R (Jenga) XA, SRMBRE T —
AR REISTRAY, Z0R e RIS A, SEFUREBLUNESNMEFHA &BEIRHE, H
DT IR AR FR R

ABESENFHEM—REMINE., RERMHERT TR Java 8 SRERERFE,
(B —FENETEE AR EEER . RNENE, BIHRLENEANR, LR
RERSHUERE 3RS 2RI, FHE B ERXRERR PR R B REERD.

ELE NIRRT, E2NARE 6 B, MEMRAMFTIZIUE, BIHER Brian
Goetz 2 AR (Java FHARIESIER ). BAZBHABRIRLE 10 RE, EEHRKE
T NFEBIAIRE S, BIFASERATE 6 EtIEFEEAEAZBHBCIME., 5—A
([EEEENFE Bill Venners FTEZHI (A Java BN, ZHRAERT JVM BINEHL
#l, EELE.

5.1 S AKRBERIANIE

F#% (concurrent). 34T (parallel ), ZESS (multitasking ). Z#F2 ( multiprocessing ).
Z &2 (multithreading ). D IR A (distributed systems ) F—— X ERBERE
SRR o s s F EL & )R &, Brian Goetz 7E H 2016 FEHIE W “From Concurrent to
Parallel” HFEWIEHZEE, HART —MBRAGENXSTGE:

o HARIEMAER. BRI HLZERE;

o FHFTEISHNEFI A BE £ R IR A B HUEAINA AL,

R VAR ORES, (B ENRARBRR T KR, EERE, A1
BF A “HE —ARIBRAEXSEN ), REMNEERE CEER T XM
Y ELZIHE Brian Goetz [ (Java FERMRIESLE ) ANIAES BRARGHERT

XA,

HEEE RS “SMESERT, TiFTUESER “SMESERNNT. IR3Z
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AR SCE R : FTRNEEREZ MESTE “#ir7. XBITEFMT, &
T “BT7 B, 4R, EXENHEEG A FATENEFERER CPU LA
Uzsfr, mAEHERRERFEEFHZOHEENTE.

EEFI—MITH, EXWERET “HREREREMLIETRNY,

FR

B LESMIS, IARBEE—MESTHMETRGBEMES . FEBRNR
FEETE, B—MESORESHIEETZIIIBREBRE A REENT, REDAG
FR O, —MESBRBESFMAA BT (BIHIEE ), RIURPBHRTRIT 110 BERIGA,

1T

RIESARITSMES . FITRRNZMBNITEEER A, PBTIEESSK
Z0ED, FESMEERS LT, NMRARFETHERE.

MR E XA UEHAEZRBENERRE: MERNCESNE “FNLGEZMES",
FTNEIMERE T 2B AR ER S, EEERNE, XHERRIERNFREREDY
[FIR: x3F 1/0 BEIAE, HATH ARSI AEEHER, EARSAAETEE, m
FETIEE; X TIiHEREE R, MREBAFRERLESE FR, NEEE/EHT
T, XMMEBEEHEEEEENNARNGELZNE, ER2EMLIMILERTTIEEARRD,
X T AN R AL T SR HI R RIZY SR AR O 7 B A

XA MESRENA - M EERERE, REREES (G Java) EHTHEERINL
Hl—B R — RS R FFFAT,

BATEZRTLIABEASHIE L ( HRXEH R ERERE ),

o @i % (purely concurrent) : ZAMESTER CPU _LigfT. M ERFESNE
RAEPRMAERSR, (BREIEFASIEESH — A EEE,

o FEIFHIT (concurrent-parallel ) : NHFERIA, HIRFEERHZ A EEESIINE
EHIHERE .

o H17HF& (parallel-concurrent) : FERAFITHEEEREEWER, MENERE
—/MLEEERHARIETT (Java 8 Y Stream i ERIFHIGITF ),

o #134T (purely parallel ) : HEEFELZAMEEE FiEfT,

ERUERT, XAfEE—METERIIETTE,



i O Tevorer
/Un java

206/ ovig - e

TR EIESRET2MEHR “HRIHE” (leaky abstraction ) [FIBIRY5EEH] i
R, RN ENEHREIE O BRI EMRSIIL “WERE", RN ZHEEARTIRE T,
WEHEME T (NEBSLIIART ), XUAMKRTEAWEIERN, TRERSE, A8
R LTI EA T,

RIAEAEREESTEEEER N LR, EREXEEFH, RKEIERHE
EMRZNTE, EERERAE CPUBERTAT . RE, WRIREGERNE, 2
FATFHENRT, SREMNAEENAMTT . XENEEARGHIRNRERR, ANE
B shE TG R R, XH Java REFK, fiREHRNFTHARREN.

IREJRES R, 4= ( pure functional ) IBESMASHE XEFHIR, #HSL, 40K
HRIBSERAES IR RS, FUORFEIRERNEHEDR, KOS BAMR
BB S RSIIIAERSY ThRE . (ERNEWL, EURFIENARZERZI TG, EFRE
EIREY, FEBERRRMEERE, HEEITH (REITHERWE SELI U AR TLED
ARk ), BRABNFISHERIHSE, HERH. Bz, MOIUBEATAMET, mEAAN
[FIERET ] BT IR IRV R S . A EME — N EERRERRVRE IR .

FEFTEX
BHESR, BARMFIFEESRS, MEFRARPERAT ZUFAATE — NMERE
EN, EREAEN, REATHEHOHEET
F&R—RIBETNMADEFHEFERIE A

XEERASIERER], TEERBAEREM—T,

o BR—AES: BEMITEALIBRAE, XESBHRREEWEESZ—, B
AREBERAPESEER.

o BREEATHAENEA: B, HEORERMEEFERNEFBTEER. &£
Java 1, FERIGHERRE, EHERE, FFUTE, RABRIERNERRENZ
SR, ENEQ, EREAREHENSERIAFTR, AAHERERZMRE
R,

o EF WOSE, X—AEFEE, BRHY. TEBTESOLESELE (R
), AEREMSEEET, RAAERE. HIESR /O BIRFF B 2RI T,
MARMBELR, HHABERL. BHAELOER EBRTEESERF, TR
GO B REEHARIET, T5MEERESR, SHEAETHEBEMETE
N, WE—BER AR F PR B S EAERE. SRRUSMERZE
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B, XBETHENE T A AT & SUEE Wt 2 HURRIR 5 .

AVEBIEERE, REXHRBBNESRFL, WREES/RAE, HMEHIREN
AR, MREERRE, WERESFEALULL, EARRTREER, GERAARE.
ERRRAIFIBIREY, DINRIRZ AR5 HE.,

5.2 HAHiERE

BRIFE—BMAOBZFHAE. F—HEE 1000 SN EEPER, R1ERSD
S THP—N SR, MIRTEREIE. REAKRE, BEERTEE, EHMELER
B,

WMRNER—DAN, IREFE 100 ZEF I BETRX MES .

RIBRIZIRFAE MBS, TTURE— EHENS S, KRS BIRERRAkLE
T, IRECNSSERE, SRBEIZEKEE DR, (RMESRENRIE. 8K
BAMARERNE —EEBRLEBEBIRN— N5,

BEE/A 1000 MEHR, RIBREIAKE, HNREZHEEREE 50 MEC.

—H-"NOBHA-NER, WREIES AR, XNMWEsTE BT,
R E OSSR 100 BTN, SMIEEAE KASRAE NSk AE. RRHE
AXEEA—EE/L, HEAEAUXATHT. SLEHORYIEABTEIER, Thz
JERERAERIRNS S . RBREMAE iR RS EX N ERET .

BARB: “RILBEENERET? BAMEFF R SR— 1 HES, MEE—1
75, MRXAEE, EREENECRIMAMIHEESHER XN ETE, RREE A\ Rt
BRRES,

Hrp—Myit RN EEAEAT, SRREREFEES —EmtlEEkiz
THND S, EXERATRME], IFELRENERESE 4 a8 MEEeE (EIE
). IRATREEEZRIMERS, EERSEHR T BRITREE 1 . FEHMRRECENH,
YIRS AN EHHEE, fEEEEREAEA IRV,

BAIERER—THERE. IE, 8 MB8E—NMsRNON, thEFEE
1, FEERFHT. GRENBEESRE—MMEESE, BMASATARE, GEEE
BERFIT, EEBEARH]. BE, WRAE s MEE, MERTLELNSE, BRI
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AEBUEERBNE, UXEN—NFEEHT], HELSBHE. Bi1H6EaE/FLE
AT LTRSS B, TUEE SR E R EES AR BRI .

1R % R ] DG AN RS O SEIR I I SN, AP IRV A REZ LRIV T
[EEFEHET, SRR, XIS SIS B EE R HISIhR B, HIL7TRE
EEE SR SR REN

—AERREFEERLGEERET LT 4, WRAA—MEER, BACERZM
INHMES YIBOH SR BEITE, BRI ERTISERRLEEER.

XETRESMEAE, ERAERGRT, KB NEERFE, KMEREERT, IF
BERIBETEFT & EHSRE S HIERIME, XNRFHE— S EERN,

ERIZ RIS BEIHSENTE T, IEERNERASR, FRBEHRITL, €
AN — A (AR ) PESTIREIS - BAREFNES. BERNREIE
S TEHEERRE BT RYEE, BAVRESHRERTERNRAEE TR, XN,
Fr ok R BEESIA 2B RN AR

R IRER BRI, FEERRN worker #%, Bl ik, RESD
worker ZFBER B4 MRS EIA TR CPU I, BEABGHIBHELEE 1> worker &P
BOMME MRS TERFMER T (TEBERE), IKNERFRIZE worker NHEIRE
AL E RSB R EEE.

BRE — M ERERIENENERE], ZEREADABER, ERATESEREHIET
Wik, BIRAR (4T ) YUE—S0IE L SE R MBS BT, AT
FIENATEF

EEEHE (BEEARR) B, SFEEMWERST, SMHEEEN, —BERERE
flfes, MCRTERESRR TR AL, BRIEHERSMELER (BR), HEREERRER
B R BB, HAMRERBENNARK, BAXMATEHERGENEERE
PR, MR SEERRRITE.

HEit, RENIESERARANFERT, BEREE, RITTLHEESSRARS
FESHILEAN] “REMBT, EIENEEER—FEHE, WHEISLR AT SR
HYERE,

FRGEARIEX S, BISEMEFEBRNT, RITEEERMERE LSl THERE
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REHIES AR, EREEERT ., TA A DBHITEERI GEaIEE, ST
Banss, SRATAAFERABRNREN, TABRAE—EBA—NEREHHE
T, MIAAFRMEIEFLHEE, SR EE7 —F, MANEREIET &, BRbE
BUORT . XERRESENNESEM (race condition ) Y “HENE" (A, HE5HEBUR
TR TASSRMERRAZ T (AR ZEERYWE, SE T A%k
BrEET, MimEEsmRiAREERA .

XFPIREUE % & £ T RINSUTHIES AT AR, i EEERNEE LM . LUK
m, AL RRE “Eit ERWEr, SR ERBATREE”. BEEN, REE
BRI EREFES T A2ERE, RIDRIEAE, BT, EIshEE I
BiE, SHRNIFLREFHEFERBITES, HEEFEEHETSHIAM, XLt
A RK A ERIL, SERBRBRREENRSEFRARESEI, Shxl, —&
ARAREAF REFRE £ RAMEHERINIRAS, XEEREE I EREL, FlEL
HAESBBE AT PR, XMEFIHREERRINERZ—: —H2ZK, Emh:
pEl) T

HEELBERBER, MARKEAGMOERE, BXEAEE FEGTE, 2R
Java 8 FEH A BT IR ARG, (BI5IHRIREIE MR RN Rk 5 K2 B RE T LB
EHBRNZ2EHEFR, EHEEE L, RRESRIRED. AERERNEE. BTHR
BENIRRMN A RS, IR/ REgm’E tHAT 8209 Java AR,

5.3 HENEEME

T THREENSMRIC G, RS, EEEEBN T HFAMARIX LXK,
ERE “NMEE, RIHRNEFBRENER ., XERESETHENEREHANES
REANBR, AERBITAFRFEEX “BE2AURR", WMRIRERSIE M IAEE
FRiERE, A —AESRERIEE, SEBLOITREIERERE, RiEk— N ERIE
EE, BLAMERAM. REWERITERERN, (REFARERITE, HHREEREN
INEFREA.

A

HERERAE —EBRERE: WRRAFEEFERRSIL, IS ERRIRAE, R
R R B BRI RYAL IR 2R EIETT, PR A 2R AV PR IO T AR S SRR R ME ( = /D
SRS FORGEAAILE ), MR T RAETS AR, HERENVIE TSk i T 2 A B 28 5F
TH7s A, EREREFETEER, REEFE AR AESHLESE, MXEEHARE
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WA IRAT.

FIFZ AN, OUESESHREXELEE E, XEEFRATTLE, X
ERVIE RIS Web IREEFHISTE, SITALBEIBRFASMERSE 14,
M REIAEFIE RS REIZ A CPU L,

i, HEEEHEEEFBTERMERE BRI, XITERE ARE. KA
BEAfE, B AEFBIEEAEE , SRNZRTIEFEEERIUFHRITHREZ
a4 ER_ETCEDHR (context switch, 7EES ZAIH ) £EBEINIFFH. REER,
R EHTE S BRIREHT (FREBAES—RE ) TS BRI, EEkE
EEAFATHER,

B SA LURIRE . WRERF PR MES B TR IR R LI
( BFIROLN 1/O ) SBFIEMENT, BIMEANNZISHE ZEEWHET (FEZRHIR
LI, RSB EE-EESSEH]). URAERAHE, BIEFESET,
BN, TWREAH A, NE—MESHEET, BFTIEMES IR
BT, mLEFRLANIEE, B E, WHEENAEERE, RiFEESTREE, SN
BT RS B R

BT BRI RS REROE TLBIF . UIREIRAE (event-driven programming )
T FE P R T AT PR O R R — MR BT R SHEN BRI R E, BRARETRELE
HEREA, M ATRRRA, MEEEEEN “BH” &4, R rEEsRN
[OESRET, TRTEREREFERSIDEBHTHERIE, BRESEEHERNNE,
MEGEHE, BRI N EMKEARE, E-WTRENTE N ESE R
TR, TSl — M SR ARMN AN A, EFETURIE-EERE
BRI RS2 o

BAMERNSIIIANT R REREAGEREASHE, XMSEEARXE, it
BEEEEEHIEEAREANEaSER, SHEMERRENE, BNRERRBEESR
EAMBHRERS, BRASEETF®, XEGRSHENTRRERRE R, Wk
£, 2ABEARTENAGR 0 SRIE, EIEE2EERFINEARE S —~ERES
AETRIREHIT S AR X He R, DAEEL A — A2 e — MESS V3

B A EE TS HEER—AENETE ©, BRENE, SHEBEFEHREN

@ 4, Eric Raymond 7£ ( UNIX RREZ R ) —FepitfT 7B JHIEIE.
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FHEIRS], XEWTSHEEFRMBPERLE, (BERERSSIBTREFEIRE: “X
MTIEEREER AR, EEEMBERTUAT,”)

FHEREEENRITERESNMNHAAESRELER, XBEUFRHELES
(functional language ), EFHEMREERERES~ZAERVER ( iRt FHEMmE
¥0), HEATDIPAMSIES RIS, Erlang BEXFES 22—, A THERESH
BENZEVE ., IRIREANEFFEESSEEREHERITE, FEEEEXESEE
FBEI T KREFRE, RARERESZERE TR THANIES RILIMXE S ERE,

Java NISRH T —MEEERTTE, EEEIMFNTIES FHEERM HENT 2418
MXHr, ©2AEFRRELESRIERG T fork® HERIMUHTR, TIRE TR F 4
RN HENE SR Z(ES .

FESHRGOMNTHE, FEIANELESME, EHEEEFET. RRNE. BAER
HEETTEASRRANEA . Bk, AL RAIEHBERBESINET; BN, #6545
A8 IR — SR DURFH AR IE R AR IE A HEZ .

5.4 Java #EMEE

ZiE T 2R Java FERTOUESE, RPFFTH T LI RIS,

1 REEAE,

0. —YIEIRENS, —YIEyREE,

3. BEEFH AR BRI,

4 YR EERS R

PO EREE IR E Java B th AU MBI S, BT AT LS | B 5 L 4
EE. R, BEES RS I XK SR,
541 AREFERHFL

(3 EREEDHFRM. )

BEE R IE A\ FFRASRII S MM, RERNSEMEAEFER L., BRAFERE
A, BESRELABREEHBRENGES TS, EEFENASE TBOEHTRE, W

O AARRERR, HEETENTES DRGSR EEETSRAMNAE, BRGFEBEESHELS,
@ for() 225 UNIX RGP T-CIRHZRIREL, BILATER “fork” SEEROEMIE | R2MEhTE. BEE
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SRADURRERITR, MHFREFIRS.

FEBE—NEETRE, NIRENEFBRERGR (XEE/ND, MRARKEE
TRERR, X REAEWESY), BHRAZSH—TONLE (SNEMESE 16E 167
1), BERBRERI—EEAME LI ERIHITT,

MEGRAAER R, FMREARER . REENTERBRAE, REERNS
M, SEBECHRG, EHET, REE KRER XMERE, NERRREEA.

5.4.2 —UIBAAE, —IHREER
ERERIF RSN FREN, RESTRTERIEERS, BaREtFR—
M. ML EREBE-HER, REAX-IBSKTERLETHE.

e AR, HHRETRREEN, AETREAR, FIIRSHEE I
RAME, REEKDRREELE, BESA— M TEREXMNE, BA—ELRIRTHE
7, FEERTRE, RESESHEIMARIEE SRITER, (AT
HYRRIE o

IR A SRR LI 2RSS, TEFRPEISABREET . ORI, KIE
AR T IR BT, DR R A B R £ R EER — B . RIS ET R
HIREE I, SEERIEESIEA ASBINRELE, SBURAMNAEENRS. B
EENEEERZ.

BAXEIEFN ORI TE L, ABFTERMEEBHEWRIR ( BUHEE (Java
FERESLL)), BIRERUIEREN].

5.4.3 BEEITHARFREEA

HIRAFHE H— M EERBTES, ELF A RENHEERS . X NREREE
WEBTIWEER, A2EECSBHR, EURKERTEHERLIN, FAHRK
TRAY— Rl

o (RFEBEIERFARESERY, R CERE) IERTRAER.

o KREEIE, IREEERRZERSERE: MREEET, (RKMEAEHTEEIA
FEMRE o

. REETERESERNE, FASEMAEN bug, MUTIRERIDHRE, KERR
xR BB RENER.
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o HIEREERBETHEFEREERRIISH N ARERZET. YBEIET
SRR, KESHEEFESSUREMITETRE.

FEEHMABY Java FFH, BATERHERH —MREICHIEN ., FrENEEEEIESHT
i (ST ) WEEER, XRFR, BERMTEEN—RE, FEESHNESHME
EIV SRR ENET. NEEHEENRETFREBERE T EZRENTIE, B118
B TAME “SPo* - HEREBRN” ( Dunning-Kruger Effect) FIAHIRZE, ERARAEER
2N “IREREL, IREUVECESMEE . BEE o AN ARENASE RN
ek, BRI TRRE ISR ERR L,

RECHERRE, FBEREABERIRBREEXEZ SN, EHARSHIIAE, K
ZHEZREMREE TR THAENRE, KRE/MEBILER, REEME—LHRIH
&, EREIREJLEIA RS HRREEEZ 2 & T ER bug 200, fRiESBIER IR
EOFTAER, EEAHAE, MOFFEoIRERE, FRZERFIZEREH LTS
[ ISE-

£ Java i, T AR MIFERIGUESRR, “RAEER bug, RARESRR
B BEAMATLUER - OK 7., (HEENTHE, XHAFIERAT. AXE, REFE
EBHEEIRE “HE7.

544 (RERREEMBITR
ERAE=4ERE, KURFEESAEFETE, Fef: "RELREF A4
AT, BEJLFERALU—ER L

XA RN, ROgEE et —EEEAREHAESFNES —aLEEEAR
JVM thizfTHY ( Eteel LR HIAD Java B2 4 ), EbA0 Clojure 213 Kotlin, At ARNFIX
B E S SESLIIEEH RIS, RIGH Java SRECHIE MRVESTE?

R, RARFTREX AR ZRLPIERY

o HNEIRIFREXMAELRE, IREANEZRBOTAE (B ) 8E——=~al Swing
FJ GUI ( graphical user interface, EEFF5IE ) E, S Tiner X ABEAYZE,

o RINMNIBHE, HIRREE —LAGR, RUABEEXLHAFSEDLELREINEH
., MERTUNFRELEE, FEBRPEERE “ERELZL” 1, RE
IR BB IIAREX R AR EZEMERR
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MTERESEIREE — RN EREES BT R, XITHMNT. WA
R ASIIIER, ROZEEHTRE, THERLE HEFFAHRID IS (e GUl) RIFTEL
B EINERAE, FrLnRA LR GER, At AREHEH A X 4SS EEE?

IR, MREEXHMET. AZHE, REEGEEEMANE Java BFHHIL, &
BN E NIRRT BT S —MERE, SAART LLBRRERERID, 263k, Web
AARBEIN Java NAZ—, HFEHRETLZLEN—Web [REFEERLLEES
o, fiEHTEMNAXEHEENEESR. BERAXENAREUESR, BEESHIER
HIRED, IR TR

Java B—ME L ARENES, BHFEAENENZIER, FMeRETERREYE
1, EIETFSZ BTN Java REE, BARBSREREEST, BEAKRBONABTER,
(ERS R A T —EE5R AT bug RSB T R, AR RFMAREEEIAR, ERNE
SHEEHIENER, NRREENHERSRREEANEGYE, REEERUANH
HE AR, TAREREH, XERENREESEERFITE R 2 A 2RI RN
NERHEEIRR., BAMS, BERAATDERERZIHEEERERNER, 87
e RUHERIITAN.

5.5 F&EERISEL

U ARFHEEERYIN, BITRRED T B3RS EAECERIEE. RITtlE
TR COMERIE”, FEIEXES RERTIE TORME MR, XKHERREET A%
XHIHIAR R

FIFITENMINERE AR, BRATONET “IMURIER", HIFFE T8 —REME AR
T, BATRMMN THAN-EREEE, EEE5RTEFEML, T EILHEIRE
11, HELEBEIXN XERFENERER (EdE, AMSIUELSLHIRITRET
SAHIR BB E; TIE, AMBEFREN EEMRHETE IR T ). XEARLFT
SR IA# 2 E A& B H T RHOMERITRIUEE S (MBI TREXERI B SR S AR
AR, B2 R RE SRR ).

H T e R 4 A A SR T oA H92s b, BB B H AR BRI RETAIR K
MRl thEARESN, B L, BARBEHERBETRENRE, HPAMMIEERAN, XE
RIGFERT RV ER B2 AR DH,

Java BEERE . AERSANSEHRAIEHRN. EalE—TREESH, FEH
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PLUEARRIES K] BRI B AT 2, RelDURETss, REIH T A=, &
SR, REES MENFEEXEN—ENESKHNK— RIS S5,
WA, REZEES. ESENE, BEEERAELRNRESE, FERESSEATT
F-EfaXETE. BE, —BAMPFHAGERERNES, TETRNEREST K, #©
BAZZEEIEL ., B RIS ERGME—TEAR,

FENRET ERMEVIHIERE. XEDRME—pLE, BB FRIE], i
WLRE “MEH” (#85C, & Java, JavaScript Fl PHP X TESFIEHE T X —& ). 18,
BIRIHES BT ERPARAITE R AR RS B AR B EEAT.,

STFIES K, NEZER5&ME (Turing-completeness ) kA5, REEFL: &
SUFAZEREERRIAES, MARRANSENMTI SRR, REMRERN]
RIRETRES), SERARIRBREETE, XELE L, B&EIN, REGFEEXLRBE, &
T REUE TR ARG, (HEREED, WERRAXERE, BIIWETEEER,

RAERERIIA Java RIHERMIIAFRE, FHABERXEHFEHELEN. &
D (URIESRINSEHNER ) EEMITIAEMR ST N EERR. EREER
RIS, BARERERINSE Java FIREEIOZEE TR —X£2E O R
RE, BEFE—NFEKRTHEINERIRE, FrlEITA LIS 8IS FRRERES
Java fiSREURALR R . HPH—HRERLIFRERRARIENM, 26055, RETLIE
WAMTREMH Vector, (HES—HRBEERS PLHAZENRD,

Java 1.0 FRESIA T Z4&HE, BILEER, ZRAERIBSRITHN—TEARSE, =&
MENZE ST EE, FTURERREEEERINZEE (B S AN ), AT,
LNHAABRARRRALZLEE. C EHMESKLERIV—My BieE, Ll Java
Ry & IR IR T MR, S5IAT —4 Thread 28, DARASERT JVM 23 (X ELIRIES
HIEEZ ),

CEERRIMES, XEMERIE L, XEREIEST REAREEEREES
B, Rifn Java BERIMEOHS, EEEBRIESEULEERRESMESHILEF,
RRGRBREH TRE LRORIE, XEHER A BRI T Thread K RE/THENEH, 7EHE
JBERIAFREHEFHRNBRERNRBTHRET Lk,

RERR, ERESRES PREFMSFETE, rENEERETSSERET, GOF
APLE R AR, AR RS RERITEE, E—IEATE, ARSI EH
IERITERRVRSE, XREREREX R RERI B TR TN ( X EAR ST RE
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EEERM). BESEN, MTERESRIRIFERN, XFEE LEFEFE. 521
) Java BT EEARRERIREXERE, BANNENKERT, KILFSEBENE
SEAEEmNHE. RITTLEEARMY, YNESRITHEKERE RBHEKRE
fRTERRR T AN T HURENT.,

Java N B ARMNIRE, SREREEN., BFRREZBEAKEN, LN Java 24
BHARELR., SRHPHFIE bug SHEEREERBSTIEF IR ETEEL.

AT HREBERRFHENE, ESFEENSTBANETHEMEREFFA. SEEK, Tk
EsL, Java AEARABEEAN— M ENFEBITES, TRE—MELUSRFRNES.

S ANFEIWE, REEXASTENINNERRE, Java BEKRETIENEE.
Java W B ELA B 2N T BELMETH R ISR KE ., L, RAT4EHERE] Java
8 SHSRUNIL AT FFATPA] CompletableFuture——iX N RFRAI B, BILKAFR
A BRI E L BIEIIEE.

IR A, BITUAEARSETRETIHTHRAM ConpletableFuture, RAREA]
B LUMERIEEE IR A R, Hitz BRRBERS, EEANRBETEFE:
BT Java RIS, IREGEMALEERSEN, FRONFIERESZMNEE. Java
H L SIEAGTEE A G, Wi RE e, EERTXMER, REEEE—TFHES 7.

5.6 AERIRED

AERASEREWNABNOT, BidE, AENESEFERRFNER Java K
KEZE, ABHCIERRAS, FHRASERBARD, RERIEESTER RSB — BRI
HETE, REOIERTEEBSEEERXETE, ABE 6 EhEE T WEHSEREH
Java HFETTERNNE.

@577

BT, REAFBFEZLEELH Java 8 1Y Strean B SkRAVA S HIEE. DITE
URETLLEAT DR (FFERAERAER L) XEEERT, T HEREEEINLFL:
B I i 7 B e A TR G T parallel () SRIFATH— R XE—REAEE, &KX,
HZE4A NI £ B 752

BN parallel () SIETHEEE R HMRE, EABKNE, ENRRIAEAE
(9 5.5 WA, RABREMARS. BEERIHEES BHDR parallel O RIIZ]
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Stream AR AT AYIRIH,
@587

£55 (task) AL STHIRBAE. AT EECENBTESHERER, K
TR & B—FhEb F TR EL CompletableFuture B &AM : Executor, Executor I E
—/MIZ% Thread BRI St (Java I AIRFIAES ). IRETLGIE—MES, REEEH
Lg% — Executor SREAT,

Executor H& TFIZEA!, HEIHAFARENEN, ik, BIISEREEEHHR, X
tEREEMNRFNCERIBTESHITE,
@597

ESRMUBETH, BLFEE-EEARB RS, XBESA—MRR, I+
SHREZANEFESERIRZE, FHATH Java i “JFET7 (Atomic ) EESRALRHES R,

5107

RIRIRIEARIRZ G THeE, EREAAIR—KEIE, RERECEMNSEE, B5%
WRERFETE G, (RESREGE, XIKKER 2 RA] BT HES & TR T IR ES Z AR 5<
Bk, XfER Java 5 5| AR Future RIS =,

Future bk Z BT NEMMAE HE— L, EIRECLEBER, HABIERERTFURIX
AR, WMEARARRYESE, IREEEE. WTFEETAVRIERS, Future HERVEES E£ /DT,

Java 8 Fffg CompletableFuture EAMFESIIITE: EAVFIRGS FiR/EERES i,
SRR RS RIS (AL SRAERE — REUBRIET . /T Conpletablefuture, MEK “BE
o.ORERM. TERW. EX. BERE. WERE SRIEN— RIS
SEIT, HATEREET.

@511, 5.12%

BEAES NNEER (RIEZE (block)) EMESHIHITER, — MEZEFRIESR
OJREESFS — MEHENES, MESFURENESHFS — MEENES, DU, MR
XEEEESEREIEN THE—NMEEES, B TER, BBAMESIIEGE XL, A
R T ZE8 ( deadlock ).

MR IR A RN BTN ZIREL SR, ARAHNEESAET .
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IR BR R T 55681 ( deadlock-prone ) RS, HEREE—EE&H A KETEIH.
EETEEERENTES (URNFTEN) EBiTREF, E—BXESRIMEE L, ST
BRI T .

FEHIE B R RIERIRE &, —RIIERANRRREZET R T RARER.
AT EU—NEHIB TR BTIMEL IR R .

@5137

AEEE, BRINSEMCELFENESRE, RAFTHRIF ARSI, REEH
CompletableFuture SLHl, XARENTHEFMITE, BEENEN TEE: EEENE
FHEE, REEMHZARIET,

5.7 FTR

Java 8 WURAEMREAMEFLL: FERLHE, RRSZITH. REENREORIT,
R E R E AR EIER (internal iteration ) A R—BEMENR, ReEHEMNES
R SR, BEIERAEA RS RES (spliterator ) FIRFRIENRES, HIRITERE
ESFHESE, XA T — MEYHFNER, MEdEAEMERER parallel(),
PRI — YIRS AT LI EA — I TIES RIBfT T . WRARIBEAT Strean, AR
A AR B 2@ H T IR THE R .

25k, B— FEMEE 14 =1 Prime.java, FRRBEMREMNNIE, 0]
BT LB A8 G 0T ESRIERA -

// concurrent/ParallelPrime. java
import java.util.*;

import java.util.stream.*; /%t
import static java.util.stream.LongStream.*; 1635
import java.io.*; */
import java.nio.file.*;

import onjava.Timer;

public class ParallelPrime {

static final int COUNT = 100_000;

public static boolean isPrime(long n) {
return rangeClosed(2, (long)Math.sqrt(n))

.noneMatch(i -> n % i == 0);

}

public static void main(String[] args)
throws IOException {
Timer timer = new Timer();
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List<String> primes =
iterate(2, i -> 1 + 1)
.parallel() // (1]
.filter(ParallelPrime::isPrime)
.1imit (COUNT)
.mapToObj (Long: :toString)
.collect(Collectors.toList());
System.out.println(timer.duration());
Files.write(Paths.get("primes.txt"), primes,
StandardOpenOption.CREATE);
}
}
HR, BITABRMERITH, XHRENT HEEEENR, RITESRRERIE
£, BATEFEFASEERMNEN, MRRITNERF AR, KRBGERE
RERIEFELEN, REEXLETHHE (XARKAREAE, ERREGIH ), £E

M nio2 EEREXHR L AFME (2 ILEMESE 17 % ),
HBIERE [1] parallel() X—17/5, FERYAMEZMEF parallel() B 3 %,

HTREERTIFEN. RITBRENHEEREFERRIAMELRAR, KEHEBA
parallel() SRIEFHERE. BEL b, ANMERARE, BAENE, XHEMEHREEA,

5.7.1 vparallel() FIERHFWz5

NTRIVFRFHTROAHERSE, BRITEE— N SRUEGEEE: & —RFIEER
BFRM, BELIUEH, BREZFETNUSLIE, MBEEE XK, @iditid ke
EIT—H=RE/N0, BHRERN, EFREHRTHIRE, FRaTseshE A ZEANEARY
(Frk) baEbt, SRATGERESTEBE (LA VM TTRESIEH “Ti ), (HEFRSE X
RIBRAZ /DEEAH — A HEIL,

HE S =SLUl— > timeTest() J5 3%, B #%Z LongSupplier Ay £ %k, FHill & @A
getAsLong() FUPRITEERY, RSB EA] checkvalue i, BIEERER.,

FE, XENALITEER long K8, Fh—FFIATE T Lo i ()18 2 BB LE ke 9 15 HY
A, ERAZREEECARE T A long REIWEER,

XEAERTHEMAFERNERENN S, SEET “BRY” Vs, REBCHVEL
BITXERE, BHAlgE=E i AFE.

// concurrent/Summing.java

import java.util.stream.*;
import java.util.function.*;



/un java
[ RSO - N

import onjava.Timer;

public class Summing {
static void timeTest(String id, long checkValue,
LongSupplier operation) {
System.out.print(id + ": ");
Timer timer = new Timer();
long result = operation.getAsLong();
if(result == checkValue)
System.out.println(timer.duration() + "ms");
else
System.out.format("result: %d%ncheckValue: %d%n",
result, checkValue);
}
public static final int SZ = 100_000_000;
/] £ EHEIBEITINEST: /% drd.
// public static final int SZ = 1_000_000_000; 5000000050000000
public static final long CHECK = Sum Stream: 841ms
(long)SZ * ((long)SZ + 1)/2; // @MAX Sum Stream Parallel: 179ms
public static void main(String[] args) { Sum Iterated: 4051ms
System.out.println(CHECK); - */
timeTest("Sum Stream", CHECK, () ->
LongStream.rangeClosed(0, SZ).sum());
timeTest("Sum Stream Parallel®, CHECK, () ->
LongStream. rangeClosed (0, SZ).parallel().sum());
timeTest("Sum Iterated", CHECK, () ->
LongStream.iterate(0, i -> i + 1)
Llimit (SZ+1).sum());
// it 1 000 000 5 & 4 TR RA A Al
// timeTest("Sum Iterated Parallel", CHECK, () ->
// LongStream.iterate(0, i -> i + 1)
// .parallel()
// Llimit(SzZ+1).sum());

}
¥

CHECK (& B AR E/R - FEMEES - BHE 18 MRS/ NEIN R BRRIA T
HEEHM,

main() FFIEMNE — AN TE&EATTE, £k Stream, FFEA sum(), FATETLL
EFSRIFLL, STUERIENEAREABRT, 4 102K/ S2 (FRATE/N
— BT, XEBFRARTBITIANR ). F parallel() Rit{TEAHN range BRIFNIZE
EZEARFENBTEE .,

HER(EFY iterate() JTHRAE R, MEEAI RS, AEEENEER ML
= #REYEF —IR lambda RiEH . EEMNRBANTNE FTHZERE, FEEARNEEIEFF
FRIEEANE, THEY S2HBH 100 FE, RaSHNERH (FERENSR L), SR, B
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AT range() 51k, IRELEEASH iterate(), {HUIRREARKEHEFEHIZINGERTE, IR
Bt E E1SH iterate(), fH parallel() BEMEM &ML, HE4A X EERINVEE,
BITSE T - NERNERER, EEO e T &L — S SIMeE s,

o WHIF T B ARBEERS RS B, X EERAT DU Wi L0 37 R BIOHE B
Rz A& MEE,

o HAHRVINIEERE. B8, HHEHALUSESZERETISIARN,

o HERNFTEREAXWEME, WHER V" MUERESEEFSR “E—17t
R M “HEWES”, XIFEET ASLBRREL.

o FMESAREEIRIMBGEAH, LLEX range HIEFHFLEICIRESH o

o ERNABRIIRIMBERIER, iterate() FiE—MERN AR

PEAERILIXANER: Sl — M EHERE, REENERN. BHFEEHER SR
TR, BERBENMAFAKRATREB R R IR R IR LR L

BB — M A EARZEES long SRIEF :

// concurrent/Summing2.java
// {ExcludeFromTravisCI}
import java.util.*; /% drh.
. ’ 200000010000000
publlc.class Summ%ngZ { . Array Stream Sum: 166ms
static long basicSum(long[] ia) { Barallel: aor.
1ong ~un - By Basic Sum: 45ms
nt §1ze.= 1a.1gngthi ; parallelPrefix: 53ms
for(int i = 0; i < size; i++) iy
sum += ial[il;
return sum;
1
/] ERGWENFBE R, SZe9EMR KL
public static final int SZ = 20 000 _000;
public static final long CHECK =
(long)SZ * ((long)SZ + 1)/2;
public static void main(String[] args) {
System.out.println(CHECK) ;
long[] la = new long[SZ+1];
Arrays.parallelSetAll(la, i -> i);
Summing.timeTest("Array Stream Sum", CHECK, () ->
Arrays.stream(la).sum());
Summing.timeTest("Parallel”, CHECK, () ->
Arrays.stream(la).parallel().sum());
Summing.timeTest("Basic Sum", CHECK, () ->
basicSum(la));
/] B Fe
Summing.timeTest("parallelPrefix", CHECK, () -> {




Arrays.parallelPrefix(la, Long::sum);
return la[la.length - 1];
1)
}
}
H—ANREIRERERN, BTERERTGESERN, FLRINIEEBEMNZHR
AKR/INEEINZRPE, FEAT LT LIRS, EZ b H R basicSum() BRI ER—H L, Bl
Wy, Arrays.parallelPrefix() BESkRMAEERFIE TR, KRMpTAXEREAR, FEEMMS

RS E A—— R AT ARTCETS S E Z B AR, TIHEE &R,
BJ5, MAEmEIEH Long, FSREBRRIR:

// concurrent/Summing3.java

// {ExcludeFromTravisCI}
import java.util.*; /* W
50000005000000
public class Summing3 { Long Array Stream Reduce: 151@ms
static long basicSum(Long[] ia) { Long Basic Sum: 35ms

long sum = 0; Long parallelPrefix: 4306ms

int size = ia.length; */

for(int i = 0; i < size; i++)

sum += ia[il;
return sum;
}
/] EBHIE AT, SZYEME KA.
public static final int SZ = 10_000_000;
public static final long CHECK =
(long)SZ * ((long)SZ + 1)/2;
public static void main(String[] args) {
System.out.println(CHECK);
Long[] aL = new Long[SZ+1];
Arrays.parallelSetAll(aL, i -> (long)i);
Summing.timeTest("Long Array Stream Reduce",
CHECK, () ->
Arrays.stream(al).reduce(OL, Long::sum));
Summing.timeTest("Long Basic Sum", CHECK, () ->
basicSum(aL));
/] BIREKFa
Summing.timeTest("Long parallelPrefix",CHECK, ()-> {
Arrays.parallelPrefix(aL, Long::sum);
return aL[aL.length - 1];
1
}
}

METHENHERBEERD T —¥, SLHEFENNREBEEREREK, BT
basicsum(), & HEMEIIRG T —BE, BIMNPRE, Arrays.parallelPrefix() BAfZEL
HAFRr A IEEHEBRE,



ILF parallel() HUSCUIARAS, B EBTE EVERS,

S, FUBEAERRET Hk:

// concurrent/Summing4.java
// {ExcludeFromTravisCI}
import java.util.*;

public class Summing4 {
public static void main(String[] args) {
System.out.println(Summing3.CHECK);
Long[] aL = new Long[Summing3.S5Z+1];
Arrays.parallelSetAll(aL, i -> (long)i);
Summing.timeTest("Long Parallel”,
Summing3.CHECK, () ->
Arrays.stream(al)
.parallel()
.reduce(0L,Long: :sum));
}
}
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M= SEE KRR I EE

/* ik
50000005000000

Long Parallel: 1147ms
*/

ZITIHLSR M parallel () HUMARERMIR —, EEERK.

W BRI EFELH ESEGERNIE NN EEREZ—, HF Summing2.java FAEE
AZEAL long, FHLEAE la B—BHELEMNNGE, WMEBESEA ST X MUERERH
B, NTTEHEARRREEEFTUEESENE, MRS F ettt R G R EFE
R, Long parallelPrefix HitEFMRMIFZE T M, EANBERITEEEIRLE 2 ML
HR, FEFERERMNE, SUGKHERIEESXS Long £—MEFINIS A,

7£ Summing3.java A Summing4.java #7, alL #{2 Long BUFIENLE, HAE—ERELH
BEHE, il —EBRESN Long BIN RS IHREAE, REZBERTREREEEFT,

(BRI AL R L PRI R R 2.

LG FEERT AR 2 ERIT RERNSMIRE . AT ETHERREFER,

THEARR SZ IRENER/IME 1000 THFHIEER :

Sum Stream: 69ms

Sum Stream Parallel: 18ms
Sum Iterated: 277ms

Array Stream Sum: 57ms
Parallel: 14ms

Basic Sum: 16ms
parallelPrefix: 28ms

Long Array Stream Reduce: 1046ms
Long Basic Sum: 21ms

Long parallelPrefix: 3287ms
Long Parallel: 1008ms



BT Java 8 & MNE “Hi7” TEIEEGH, BRERNENEEBk T HEH
RFHb25: “ B parallel(), FBELLEFHBAEER D RFERILRFAHREIRE,
R AN RERN, B EHNANE parallel #FA N KRR FERRHIE,

5.7.2 parallel() ] limit() B9{ER

parallel () JEBEHISREE I —SIIRENT, RIEMIES —FF, WiRESIIRRAVERILT
[, MEEGEARKERTER, MEEEAES, URETTNERA/NIEERTIZITH
I, AIRGERITEIRG, NIRE A ke R ERIRRA.

Java 8 &3 T UL E X F A fE B, 25605k i, Collection &7 NEHI map() #:1E,
Collection 1 Map i —HIFR AL AL B R VE 2 forEach(), ZISRIRIEE AT map() Al
reduce() FOERTE, FREEEEE LK Collection B#iy Stream, XHE/IREA XLEERIERIH

// concurrent/CollectionIntoStream.java
import onjava.*;

import java.util.*;
import java.util.stream.*; /* Hr
btpen
public class CollectionIntoStream { pccux
public static void main(String[] args) { 5zgvg
List<String> strings = meinn
Stream.generate(new Rand.String(5)) eeloz
.limit(10) tdvew
.collect(Collectors.tolList()); cippc
strings.forEach(System.out: :println); ygpoa
// ¥ Stream, AMAITE % Htk: kit
String result = strings.stream() bynxt
.map(String: : toUpperCase) : PENCUXGVGINNLOZVEWPPCPOALJLNXT
.map(s -> s.substring(2)) */
.reduce(":", (sl, s2) -> sl + s2);
System.out.println(result);

}
}

Collection FSC <7 #7 — L L AN B/, 40 removeAll(). removelf() Al retainAll(),
(EX LS AR 4R, ConcurrentHashMap I forEach A1 reduce #EEAFFAIHMISZHF

£ ipEt, Bl 84 VAR strean() BL parallelStream() £ A (E[FIEH,
SRTIART, Stream Fl Collection [FIA HIM NI GRS, FHEAMEBHIFTEISR:

// concurrent/ParallelStreamPuzzle.java
import java.util.*;

import java.util.function.*;

import java.util.stream.*;
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public class ParallelStreamPuzzle {
static class IntGenerator
implements Supplier<Integer> {
private int current = 0;
@Override public Integer get() {
return current++;
}
}
public static void main(String[] args) {
List<Integer> x =
Stream.generate(new IntGenerator())
.limit(10)
.parallel() // [1]
.collect(Collectors.tolList());
System.out.println(x);
}
}
/* Output:
[e, 1, 2, 3, 4, 5, 6, 7, 8, 9]
*/

WEREREE 1], NSRS OFERRENEE, 52

(e, 1, 2, 3, 4, 5,6, 7, 8, 9]

BRWRBGHERE, AT .parallel(), MEFIFIR T —MEVISERKE,

H (FRBfTEA—FE ) RIUXEE:

[6, 3, 6, 8, 11, 14, 17, 20, 23, 26]

205

fa

NI E R R X ARRE? SREBRIMTZINWER: “FTER". XEk
Bt 4l —HLBESEBITAE—MERSEL, RIS RE—AERNER? R

MEERRREE, ERZEM T RHINEELIIRG.

NTHAXANAE, FERI—ETH, BRIUSENESEE, LS IHIRTE T

BERER, HERERFEEIEEMT, ALFHZIT Concurrentl inkedDeque :

// concurrent/ParallelStreamPuzzle2.java
import java.util.*;
import java.util.function.*;

import java.util.stream.*;

import java.util.concurrent.*;

import java.util.concurrent.atomic.*;
import java.nio.file.*;

/* dh.

¥/

[1, 5, 7,8, 9, 11, 13, 15, 18 21}

public class ParallelStreamPuzzle2 {
public static final Deque<String> trace =
new ConcurrentLinkedDeque<>();



static class
IntGenerator implements Supplier<Integer> {
private AtomicInteger current =
new AtomicInteger();
@verride public Integer get() {

trace.add(current.get() + ": " +
Thread.currentThread() .getName());
return current.getAndIncrement();
}
}
public static void
main(String[] args) throws Exception {
List<Integer> x
Stream.generate(new IntGenerator())
Llimit(10)
.parallel()
.collect(Collectors.toList());
System.out.println(x);
Files.write(Paths.get("PSP2.txt"), trace);
}
}

current HZEFE 2241 AtomicInteger 253k E X, LIBRTEASSMHRIA L, parallel()
T A1 2 L5 FE S R get() F5ik:

MwyRER| PSP2.ixt BY, AIREARREINZIR, IntGenerator.get() FEARMIAMA T 1204 (X!

main

W oo ~NOoOUL R WN RO

[
= o

o
w N

14:

15

ForkJoinPool.
ForkJoinPool.
ForkJoinPool.
ForkJoinPool.
ForkJoinPool.
ForkJoinPool.
ForkJoinPool.
ForkJoinPool.
ForkJoinPool.

commonPool-worker-1
commonPool-worker-2
commonPool-worker-2
commonPool-worker-1
commonPool-worker-1
commonPool-worker-1
commonPool-worker-1
commonPool-worker-4
commonPool-worker-4

: ForkJoinPool.commonPool-worker-4

: main
1 main
: main
main
: main

1017:
1018:
1019:
1020:
1021:
1022:
1023:

ForkJoinPool.
ForkJoinPool.
ForkJoinPool.
ForkJoinPool.
ForkJoinPool.
ForkJoinPool.
ForkJoinPool.

commonPool-worker-1
commonPool-worker-6
commonPool-worker-6
commonPool-worker-1
commonPool-worker-1
commonPool-worker-1
commonPool-worker-1
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XSS RASRMUF R HIRESSLHUREN (IR linit() EARERESK, TLUE
BIRRIAERAIN ). H parallel () Al limit() —EE&EHHE, L& RREETA LR —
HE, UERFREL,

BEER - TREERBEAETEMA: RBRT — N AEEEZHERE, 4
RLEUF T HRNERRHN, SLREEILFENEEES ST REER get() &, M
L limit() BHRERBENRE “REE—&”, EAXE, WRKFE ARG parallel() 1
limit(), %BWEE?@X%MB’J%&—XTJ:‘Iﬁuﬁﬁﬂ,qbd%ﬁ’] ESRokE, XATREE(T AR,
BERXAMAORME, SABEERX— &, LITEREEEFER, FREEERIENIFHA
“Java BT EAIA” HEH,

X FIZE BRI, BN REASER? MRIREEER int %, STLLES
IntStream.range(), FRBUXEE:

// concurrent/ParallelStreamPuzzle3. java
// {VisuallyInspectOutput}

import java.util.*;

import java.util.stream.*;

public class ParallelStreamPuzzle3 {
public static void main(String[] args) {
List<Integer> x = IntStream.range(0, 30)

.peek(e -> System.out.println(e + ": " +
Thread.currentThread().getName()))
Llimit(10)
.parallel() /*
.boxed() 8: main
.collect(Collectors.tolList()); 6: ForkJoinPool.commonPool-worker-5
System.out.println(x); 3: ForkJjoinPool.commonPool-worker-7
} 5: ForkJoinPool.commonPool-worker-5
} 1: ForkJoinPool.commonPool-worker-3
2: ForkJoinPool.commonPool-worker-6
4: ForkJoinPool.commonPool-worker-1
0: ForkJoinPool.commonPool-worker-4
7: ForkJoinPool.commonPool-worker-1
9: ForkJoinPool.commonPool-worker-2
[6, 1, 2, 3, 4,5, 6, 7, 8, 9]
*/

NTUERR .parallel() HASLEFH, BIEGHNI T X peek() ( FRMI—DEEL, KEBSEHT
FSRER ) OB : ESMRHPRIEE—ME (GRETEENRE ), EHRRASERER
BB TN ERNTR, T8, XSTHREENTN, IMBRENTAKRKER, HREHE
HI7EE
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URARET LB S0 T X boxed() HIVEA, BHAK int i, FFEHEHEE Integer .

MAERMES TERARENZNERE, BHRSRBERER10ME, MAZ
1024 NEFESEA AR 10 M™ME.

Kotk — e BFNABE: EREAEFEEEAE YRAREXA/NIHE
B, RSO aR T s R (E AT (B SR AR B AR . ELUERS:, T4
HHEA BB FHT A B — A R 8, SRR R R AR KR,
KRS T AR S E— XS RN, RAESUIEA RRIEER, IS
=, BTk, B, FFEIENLER,” parallel() F Limit() FIREEC A MFRE T
(FRERS, BIFRANEDEST ).

57.3 HiITRAREEREEHR

Stfr b, ERSERT, FHARBSI AERE D ERAE SR, E2WMIRFI,
& BEUME B U 7E Stream #E{E L F] parallel() HA—ERLZ2MIMIL, fEMEH parallel()
ST, VR T AT RS YRIGIR R SRV BRI, REREMNEREE, X
EEEEANEREREHTHENRAPE—EH IR, REREREATZEESN
B, AT BLEE T TR, ERAODTERRERNEE, GENIFTmTRENE
fi#, UKCESRERERERER.

5.8 BIEFIETES
IMERIRFEE B TR, FBARMSAETAERBTES. HEREE
Z|, FEAEM Java 8 BRASHISLIL T2 CompletableFuture, AN FATSHELZMEATAR

SN HZE

Java FE & S A FIEH BIAFIEERALE], JtEIBMA S SRRE, XA
SHNEEBEWRIEADSE 6 Erh, fEXE, Bi=BEL —ELMHNAERRIEETIE
HES R RBESE, MFTEFENEY—#, XEEESESMERENZER, EX
B REE AR A TSES 6 B, BEABH T ATHEHE.

5.8.1 Task #[] Executor

75 Java B AT, EHASARE, RHEEEERIRECK Thread W5, ££
ETIEITOT RO EE Tk “ES - 25" W&, REEFHRARES, I
HEfFBEERE.
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QAT A XL HEERE R, B RE X EFEI/5 %, Java 5 &) 1%
BT — ISR, IRANERERNE MRS KAE QIR — N Thread F25,
MARBRHESCEA— N ERMPIRE, RIEHFIBLFA ExecutorService SRIBFTIZ(ES. %

ExecutorService SNIREIRLZLAE, IFHELERRISEALES, MESEWE],

—FE, EMZE—NLFABRHMNES, B “ER" (HERHT) 100 2
#, REERERIRRFFFIEERITESH Thread &R, R4

// concurrent/NapTask. java
import onjava.Nap;

public class NapTask implements Runnable {
final int id;
public NapTask(int id) { this.id = id; }
@Override public void run() {
new Nap(0.1); // #
System.out.println(this + " " +
Thread.currentThread().getName());
}
@Override public String toString() {
return "NapTask[" + id + "]";
}
}

XEMEEHY Runnable : —MEIE Tun() JIIERIZE, BIESLIIAF AR SIPREf FEMES .
FA T Nap ZE3sCE] “EERR” -

// onjava/Nap.java
package onjava;
import java.util.concurrent.*;

public class Nap {
public Nap(double t) { // #
try {
TimeUnit.MILLISECONDS.sleep((int) (1000 * t));
} catch(InterruptedException e) {
throw new RuntimeException(e);
}
1
public Nap(double t, String msg) {
this(t);
System.out.println(msg);
}
}

NTEEFELEENUE T, EWE AL TARRE, B MUIERENELES
=R rHERER.
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B FH TimeUnit.MILLISECONDS.sleep(), &3K5 “MUpI&iE”, HiLEHSEHEAN
HHCHRIR, XSS EERE, EXHABRERENLEEELT . RIERAS
YR B R EATSS, BT EN ENEME D, RERANESEERSTHNRE
sleep() EBFINAT . MEMENE T, SESW “ME", FFIESTAME N,

IRETLAE B, sleep() ==#iliHi InterruptedException B, X2 Java BRERIT 2
wy, B ST ZIBHES SRR BN, HTFXAREERRERRS, FEEABEEILL
WIHMESR T . RTEBITLFIHHFSFBR FTRIZEE, DR SNESAIEIES LR,

EHITES, BAINEEREATHFFE, B SingleThreadExecutor :

// concurrent/SingleThreadExecutor.java
import java.util.concurrent.*;

import java.util.stream.*;

import onjava.*;

public class SingleThreadExecutor {
public static void main(String[] args) {
ExecutorService exec =
Executors.newSingleThreadExecutor();
IntStream.range(0, 10)
.mapToObj (NapTask: :new)
.forEach(exec::execute);
System.out.println("All tasks submitted");
exec.shutdown();
while(!exec.isTerminated()) {
System.out.println(
Thread.currentThread().getName() +
" awaiting termination");
new Nap(0.1);
}
}
}

/* d NapTask[4] pool-1-thread-1
A1l tasks submitted NapTask[5] pool-1-thread-1

main awaiting termination
main awaiting termination
NapTask[0] pool-1-thread-1
main awaiting termination
NapTask[1] pool-1-thread-1
NapTask[2] pool-1-thread-1
main awaiting termination
NapTask[3] pool-1-thread-1
main awaiting termination
main awaiting termination

main awaiting termination
NapTask[6] pool-1-thread-1
main awaiting termination
main awaiting termination
NapTask[7] pool-1-thread-1
main awaiting termination
NapTask[8] pool-1-thread-1
main awaiting termination
NapTask[9] pool-1-thread-1
*/

(#%AE)
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BHERER, HREAE SingleThreadExecutor 2%, newSingleThreadExecutor() /& Executors
T J5i%, FT AR 2R AIRY ExecutorService, @

HAE T 10 /4> NapTask H K B 1#E 322 T ExecutorService, X B E 12 H1T
Bz, AMER, main() FikSKELAEEMYE, 24FEH exec.shutdown() ff, <
& 1F ExecutorService BT A BRZWES, EREBKEMHES. Rt B
ESMEBFT, FURMNEEH nain() BISFISHXEES T, XEBTRZE exec.
isTerminated() FIZEESRSLIINY, FrBMESEERE, EITESIEE true,

R main() PR L FRE main, BRILLISNI B —H— NS pool-1-thread-1,
FE, NZENEHETUEL, X SERSIEHSSETE,

HNRARAUALIA ] exec.shutdonn(), BEFRTEFTAESERIE L HILH, e,
while(!exec.isTerminated()) HAENER:

// concurrent/SingleThreadExecutor2.java

import java.util.concurrent.*; /% Mk
import java.util.stream.*; NapTask[0] pool-1-thread-1
NapTask[1] pool-1-thread-1
public class SingleThreadExecutor2 { NapTask[2] pool-1-thread-1
public static void main(String[] args) NapTask[3] pool-1-thread-1
throws InterruptedException { NapTask[4] pool-1-thread-1
ExecutorService exec = NapTask[5] pool-1-thread-1
Executors.newSingleThreadExecutor(); NapTask[6] pool-1-thread-1
IntStream.range(0, 10) NapTask[7] pool-1-thread-1
-mapTo0bj (NapTask: : new) NapTask[8] pool-1-thread-1
.forEach(exec::execute); NapTask[9] pool-1-thread-1
exec.shutdown(); */
}
}

—HIERT exec.shutdown(), IH/EEEEHES, S RejectedExecutionException

==
FF

// concurrent/MoreTasksAfterShutdown.java
import java.util.concurrent.*;

public class MoreTasksAfterShutdown {
public static void main(String[] args) {
ExecutorService exec =
Executors.newSingleThreadExecutor();
exec.execute(new NapTask(1));
exec.shutdown();

O REFLEIL, EXHENEBNTE. RIT—RESBEABANERRANEED LNRRFA.,
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try {
exec.execute(new NapTask(99));

} catch(RejectedExecutionException e) {
System.out.println(e);

}
} /% Hrid

} java.util.concurrent.RejectedExecutionException: Task
NapTask[99] rejected from java.util.concurrent.ThreadPo
olExecutor@l06d69c[Shutting down, pool size =1, active
threads = 1, queued tasks = 0, completed tasks = 0]
NapTask[1] pool-1-thread-1
*/

exec . shutdown() Y 5. 58 75 IE & exec. shutdownNow(), HIEFAREABESHES, |
AL il i TSR L E BT IEAE B TTHUESS . BUGERE, T RIS 55 AR IRELAIE
B, FREXAM.

5.8.2 FREZHZE
ERZAENEEEN (JIF) BEGESTREER—L, FURITARERES

FR&i(7E SingleThreadExecutor Hlg? &%& Javadoc HIHJ Executors %[35}, IREEDIE L
¥E#%, Hefm, CachedThreadPool :

// concurrent/CachedThreadPool. java
import java.util.concurrent.*; /* Wi
import java.util.stream.*; NapTask[1] pool-1-thread-2
NapTask[5] pool-1-thread-6
public class CachedThreadPool { NapTask[4] pool-1-thread-5
public static void main(String[] args) { NapTask[8] pool-1-thread-9
ExecutorService exec = NapTask[@] pool-1-thread-1
Executors.newCachedThreadPool(); NapTask[9] pool-1-thread-10
IntStream.range(0, 10) NapTask[2] pool-1-thread-3
.mapToObj (NapTask: :new) NapTask[3] pool-1-thread-4
.forEach(exec: :execute); NapTask[6] pool-1-thread-7
exec.shutdown(); NapTask[7] pool-1-thread-8
} */
}

WETREER, ReEEFCRRERER. XRAE, BARBRER—IEEkR
WIREEGFEES, MEEMESHERERTHONEE, LB EFTT .,
XEASRITEIHE A S, B REEEBESAER A singleThreadExecutor,

EEEEXAAE, BIIEE—EERIES:

// concurrent/InterferingTask.java
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public class InterferingTask implements Runnable {
final int id;
private static Integer val = 0;
public InterferingTask(int id) { this.id = id; }
@Override public void run() {
for(int i = 0; i < 100; i++)

val++;
System.out.println(id + " " +
Thread.currentThread().getName() + " " + val);

BNESE M val BEE 100 R, XEREBSEE T, 1EFR{TH CachedThreadPool 3
i :

// concurrent/CachedThreadPool2.java
import java.util.concurrent.*; /
import java.util.stream.*; 3 pool-1-thread-4 100
2 pool-1-thread-3 200
public class CachedThreadPool2 { 6 pool-1-thread-7 300
public static void main(String[] args) { 7 pool-1-thread-8 400
ExecutorService exec = 0 pool-1-thread-1 514
Executors.newCachedThreadPool(); 1 pool-1-thread-2 527
IntStream.range(0, 10) 4 pool-1-thread-5 627
.mapToObj (InterferingTask: : new) 5 pool-1-thread-6 727
.forEach(exec: :execute); 9 pool-1-thread-10 827
exec.shutdown(); 8 pool-1-thread-9 927

} */

}

BHERHNMBRNIFR, HESREFEREA—K, RBETHENESEE
HEX BFIRY val BT S #®E, EMEMEITR, BRITANXEREEIELEREZS (not
thread-safe ) fJ, FEREEHH SingleThreadExecutor &2/ EREAIIER :

// concurrent/SingleThreadExecutor3.java

import java.util.concurrent.*;
import java.util.stream.*; /* Ak
0 pool-1-thread-1 100
public class SingleThreadExecutor3 { 1 pogt ) thredd 1 209
: . ; ? ; 2 pool-1-thread-1 300
public static void main(String[] args)
throws InterruptedException { 3 pool 1 thiead 1 400
. D 4 pool-1-thread-1 500
ExecutorService exec =
; 5 pool-1-thread-1 660
Executors.newSingleThreadExecutor();
6 pool-1-thread-1 700
IntStream.range(0, 10)
. ; 7 pool-1-thread-1 800
.mapToObj (InterferingTask: :new)
forEach (exec: :execute): 8 pool -1 thread 1 000
! 9 pool-1-thread-1 1000
exec.shutdown(); X/
}




DERNEREEER —HWERT, RE InterferingTask fiZ LEZ 2. X2
singleThreadExecutor i KHIFI—mH T EAN R &BAF —HES, XREESKEAE
EAEEN, FEMEETSEZeE ., XENIRIRAZERES A (thread confinement ),
WL MELBITERERE FALIREIE N2 AR, LEXHRE TRE, EhhE
TRZRENIEINAES TE.

58.3 HE£MER

B F InterferingTask /&—> Runnable FUSCHL, BIFEHREME, HiREELEIE
Ft s, FEE R e R (TAEERRE ) 48R, BIfFARFRFEENEE
8> —, JEPEIEMFRIT7E CachedThreadPool2.java H1FT L, InterferingTask HHYy val
FRYEE B HEIRA ( mutable shared state ), IEE2EHR T AM: ZMESRBHERFE—
A B EMFTBINEASE., SRAMMESBAGRIRSHERTEE (LILHME
FHETBEME ) THRE .

B AL BTSRRI T H RS, RITATUKRE NERILERN
( selfish child principle ) : {+AEAIEE,

% F InterferingTask, WIRBEMKREITER, HERREESEEME T, BEEEIX
AEW, RITEEQIE— Callable, fif~Z Runnable :

// concurrent/CountingTask.java
import java.util.concurrent.*;

public class CountingTask implements Callable<Integer> {
final int id;
public CountingTask(int id) { this.id = id; }
@override public Integer call() {
Integer val = 0;
for(int i = 0; i < 100; i++)

val++;
System.out.println(id + " " +
Thread.currentThread().getName() + " " + val);
return val;
}
}

call() M AR AR R, Sy FAEMEMAY CountingTask, XEREFFAEFIE

AR EIRA,
ExecutorService faFfEEE A i@ invokeAll() SE/EEIFTE R Callable :

// concurrent/CachedThreadPool3.java
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import java.util.*;
import java.util.concurrent.*;
import java.util.stream.*;

public class CachedThreadPool3 {
public static Integer
extractResult(Future<Integer> f) {
try {
return f.get();
} catch(Exception e) {
throw new RuntimeException(e);

/%
pool-1-thread-1 100
pool-1-thread-1 100
pool-1-thread-2 100
pool-1-thread-3 100
pool-1-thread-4 100

0
9
1
2
} 3
6 pool-1-thread-7 100
7
4
5
8
s

}
public static void main(String[] args)
throws InterruptedException {

ExecutorService exec =
Executors.newCachedThreadPool();

List<CountingTask> tasks =
IntStream.range(0, 10)

.mapToObj (CountingTask: :new)
.collect(Collectors.toList());

List<Future<Integer>> futures =
exec.invokeAll(tasks);

Integer sum = futures.stream()
.map(CachedThreadPool3: :extractResult)
.reduce(0, Integer::sum);

System.out.println("sum = " + sum);

exec.shutdown();

pool-1-thread-8 100
pool-1-thread-5 100
pool-1-thread-6 100
pool-1-thread-9 100
um = 1000
*/

HESHMENES IR, invokeAll() 7 £ [E M Future A BL Y List, &4
Future #IXf N —MESS, Future & Java 5 3| AMINLE], BATFRER —MEE, HAFR
FEEFTRER. AL, BAMERT ExecutorService. submit() :

// concurrent/Futures.java

import java.util.*;
wdl . /% bk
import java.util.concurrent.*;
: . ; 99 pool-1-thread-1 100
import java.util.stream.*;
100

. */

public class Futures {

public static void main(String[] args)
throws InterruptedException, ExecutionException {
ExecutorService exec =
Executors.newSingleThreadExecutor();
Future<Integer> f =
exec.submit(new CountingTask(99));
System.out.printin(f.get()); // [1]
exec.shutdown();
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[1] MRt iR 52 A ES Y Future YA get() J5IARY, ARASREIEE (Fy), HE
ZEERATH

(EX Ik, 7F CachedThreadPool3.java H1, % Future IEH LIS, EANERAE
EEEZHR 2T, invokeAll() EERLIEME, &ifi, kb Future FREZMATRREEIL
R, MEANTHKEATERENSE,

YREEPE = CachedThreadPool3.java F#REXEE BRER /> BIEALIRBL. get() SHHEE,
FHt extractResult() 27F Stream NER5ERLIEEHY.

T 7EVFE get() Y Future 2FAZE, HHE REKSHISTRNREERT , &4,
Future BT B — TR NGE, BIEEAMFF RS ERAE, iR EHEE Java 8 #Y
CompletableFuture, AZERYESNFE. MR, ESFBEBIET, KIERZIBE Future,

FRATET R BB B AR5 34T Stream——SRARHLX MR :

// concurrent/CountingStream.java
// {VisuallyInspectOutput}

import java.util.*;

import java.util.concurrent.*;
import java.util.stream.*;

public class CountingStream {
public static void main(String[] args) {

System.out.printin(
IntStream.range(0, 10) /* Bl
.parallel() 1 ForkJoinPool.commonPool-worker-3 100
.mapToObj (CountingTask: :new) 8 ForkJoinPool.commonPool-worker-2 100
.map(ct -> ct.call()) 0 ForkJoinPool.commonPool-worker-6 100
.reduce(0, Integer::sum)); 2 ForkJoinPool.commonPool-worker-1 100
} 4 ForkJoinPool.commonPool-worker-5 100
} 9 ForkJoinPool.commonPool-worker-7 100
6 main 100
7 ForkJoinPool.commonPool-worker-4 100
5 ForkJoinPool.commonPool-worker-2 100
3 ForkJoinPool.commonPool-worker-3 100
1000
*/

SHEANEASER, TERIMFTEHINRER parallel() BA—MRFRIEH, &
E— VIR SR AT R I RIBTT T .

584 {EHNESRYlambda 55i%5|H
A7 lambda FIFIEE I, #REAEPRT A Runnable Al Callable, BF Java 8 @il
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PLFLEE L RITT TS RF lambda FIF5VAS [ [ st 2 Rt —3uE ( structural conformance ) ],
FATET LLFE Runnable Bf;, Callable KRS EEBEL ExecutorService :

// concurrent/LambdasAndMethodReferences.java

import java.util.concurrent.*;
/* Hrh:
class NotRunnable { Lambdal
public void go() { NotRunnable
System.out.println("NotRunnable"); Lambda2
} NotCallable
} */

class NotCallable {
public Integer get() {
System.out.println("NotCallable");
return 1;
}
}

public class LambdasAndMethodReferences {
public static void main(String[] args)
throws InterruptedException {
ExecutorService exec =
Executors.newCachedThreadPool();
exec.submit(() -> System.out.println("Lambdal"));
exec.submit(new NotRunnable()::go);
exec.submit(() -> {
System.out.println("Lambda2");
return 1;
i2H
exec.submit(new NotCallable()::get);
exec.shutdown();
}
}

&b, BIFEIR submit () VEAEEILABARN 'execute() VAR, FTANT submit() JEHEEFL
IR[E] Future, {RATLIFESE YR NEH PR B TEEEE R,

5.9 ZILKEETHES

FHEEFBEESBTHENEKNES, Callable WIERERRNSIEREE, BARXL
TEBREGERN, ENRECETLIBITIRA . Runnable (£5 5 RN ASWIRE AKX A BT
HEEHE, RINESTERF 7 ETE Runnable/Callable (£45 IE & 45 SR ATIERTR B

7, HEHnZERPAR AR FRIRTE,
Java SRARIRHREL TR 8 T AJEHE, ZVUEIARGEE ) KRBT (interrupt)
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TFEBFNES, i EIERESEEE—LRE, TIESREELERN, FARY
SRR O BE S A TR, URTRESEREIEELR. RRRANE TR
B, EHTAEERSHEE, BIMIRREARHEIK InterruptedException FH

R IHESBHEREE - MESSTHRENFR, ALESTIUBYEDHX
PRSI AR IE , (RETLUESRESEBNRETER L, MARER—NZIRRK
LSRR, RS RGEE LRI BT, T B BTN, AR,

BOX LR IE TSI BB R B — MESS T UL boolean #RIR, EHIESS, ik
HESREZRR, KL, RRIABEXAMR, EREERRIIHTT— (]
I A — L EAANRAS, EIZARRA A EA TS BRIE, BBARA R LR,

MRS Java UFE R SR, S£EPIRZMRZABNTTE, BRELNEEY
volatile X%, BRI EBAAIEA, LB volatile FrisRIIFTA AHEE,
BRI 6 .

Java 5 B[ AT Atomic 2, Mt T —HKAE, LHREIDITRAHROFF AR, FHD
@, FTEHRIIEIA AtomicBoolean FRiFR &SRS HITBEFEH:

// concurrent/QuittableTask.java
import java.util.concurrent.atomic.AtomicBoolean;
import onjava.Nap;

public class QuittableTask implements Runnable {
final int id;
public QuittableTask(int id) { this.id = id; }
private AtomicBoolean running =
new AtomicBoolean(true);
public void quit() { running.set(false); }
@override public void run() {

while(running.get()) // [11
new Nap(0.1);
System.out.print(id + " "); // 121
}

}

BREAMEL T DU Ih e R — AN SL B A B quit(), {H AtomicBoolean fHIET 2/
(F& EIRHETR tunning, FHIGRIE quit() FFIEREEZ M.

[1] HE running FRIRIEE true, ZESSHI run() FFE ST,
[2] TEESBHEASRITAI T EE .

running EEEE YA AtomicBoolean, X— mRPIH T Java HERRFRE AR



spme | 200

Z—o JHSRF running WA — M IEHY boolean, {RETEEKIEALE B FIEHITHHIIA
A, BB, FEARGIR, ARKEASHIEMNE—ERDDARAERZEN., BHE
MR BEE R, XREEEATREME. EHit, FHREINIRERERIR: R
BT —Rkit, ME—iLRATLUE HAELZSNBITE, fEEEEN SRS
B,

NTIE, BATVSs TEZA QuittableTask (£55, KRBT, it COUNT &
KEEEK:

// concurrent/QuittingTasks.java
import java.util.*;

import java.util.stream.*;
import java.util.concurrent.*;
import onjava.Nap;

public class QuittingTasks {
public static final int COUNT = 150;
public static void main(String[] args) {
ExecutorService es =
Executors.newCachedThreadPool();
List<QuittableTask> tasks =
IntStream.range(1, COUNT)
.mapToObj (QuittableTask: : new)
.peek(qt -> es.execute(qt))
.collect(Collectors.toList());
new Nap(1);
tasks.forEach(QuittableTask: :quit);
es.shutdown();
} /* Hrd:
} 11 23 20 12 24 16 19 15 35 147 32 27 7 4 28 31 8 83 3 1
139526 18 14 17 21 25 22 26 29 30 33 34 37 41 38 46
45 49 50 53 57 58 54 69 104 112 40 73 74 115 116 70 119
77 81 56 85 78 82 111 86 90 48 89 36 108 107 44 55 52
43 60 63 59 64 71 68 67 75 76 72 79 80 84 87 88 66 91
10 95 65 96 94 92 62 100 61 93 47 39 51 99 103 128 123
127 124 140 120 139 136 135 143 148 144 105 102 131 101
132 98 97 149 137 134 42 106 110 109 114 133 113 117
118 130 129 126 121 125 122 138 141 145 142 146
*/

EEEZSWRE List hZw], FREIT peek() ¥ QuittableTask 5% ExecutorService,

main() RIFERERE ESEBIT, BEMASEL. E5XANIRERCIEMIREFE
A—E, HESMELSEZTFEE quit() FERN, XEM7 ST0HFES N E2S 0 R
=2 NEIEAL 0N
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5.10 CompletableFuture
NTiRE AN IEEI%, FEE¥ QuittingTasks.java 24 CompletableFuture sk

// concurrent/QuittingCompletable.java
import java.util.*;

import java.util.stream.*;

import java.util.concurrent.*;

import onjava.Nap;

public class QuittingCompletable {
public static void main(String[] args) {
List<QuittableTask> tasks =
IntStream.range(1, QuittingTasks.COUNT)
.mapToObj (QuittableTask: :new)
.collect(Collectors.toList());
List<CompletableFuture<Void>> cfutures =
tasks.stream()
.map (CompletableFuture: : runAsync)
.collect(Collectors.toList());
new Nap(1l);
tasks.forEach(QuittableTask::quit);
cfutures.forEach(CompletableFuture::join);

} /* dd

675911 12 13 14 15 16 17 18 19 20 21 22 23 10 24 26
27 28 29 30 31 32 25 33 8 36 37 38 39 40 41 42 43 44 45
46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63
64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81
82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99
100 101 102 103 104 105 106 107 108 34 110 111 112 113
114 115 116 117 118 119 120 121 109 123 124 125 126 127
128 129 130 131 35 132 122 134 133 136 135 138 140 141
142 143 144 145 146 147 148 149 137 139 3 1 2 4

*/

FI7E QuittingTasks.java Fi—#¢, tasks & List<QuittableTask> 287, HEEAREE,
9575 5 A peek() S QuittableTask - M$E3Z 45 ExecutorService, &7 cfutures Y
Qg AR £ 45 54 T CompletableFuture:: runAsync, X RE R 2= B 4T QuittableTask.
run(), FFiR[E CompletableFuture<Void>, FiF run() FHARSEREEMEA, FHEXER
T CompletableFuture SEIEF join(), PIEEFTRK,

KGR EEEE —NEA: 7R E R ExecutorService R IB T £ 5 XEH
CompletableFuture EIEHY ( S SRET DL S B SEUL B IF B ExecutorService ), YRBFEIER
shutdown(), 5L FRRIEMRFIFR—REEIBIEA join(), ENFEFEESES—NEER, M
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ABIRE—NER, IRIRHRELEZEZ| CompletableFuture FIRETHL X EIRIE S

5.10.1 EXRAEE
NEX N ZIBE BESHY work () FIIENHZE N ST T HLL R

// concurrent/Machina.java
import onjava.Nap;

public class Machina {
public enum State {
START, ONE, TWO, THREE, END;
State step() {
if(equals(END)) return END;
return values()[ordinal() + 1];
}
}
private State state = State.START;
private final int id;
public Machina(int id) { this.id = id; }
public static Machina work(Machina m) {
if(!m.state.equals(State.END)){
new Nap(0.1);
m.state = m.state.step();
}
System.out.printin(m);
return m;
}
@override public String toString() {
return "Machina" + id + ": " +
(state.equals(State.END)? "complete" : state);

XESLENMFRKESN, FICEREBESH, BAFEES S EHEM KR
HISLE B I ZEER, work() FFIEHRSHTIM—MREB DB T —RES, FHIERT 100 =
#ITIZ “work”,

BB LA FH CompletableFuture, j#id completedFuture() FFiESREEE— N5 .

// concurrent/CompletedMachina.java
import java.util.concurrent.*;

public class CompletedMachina {
public static void main(String[] args) {
CompletableFuture<Machina> cf =
CompletableFuture.completedFuture(
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new Machina(0));

try {
Machina m = cf.get(); // RA4HE

} catch(InterruptedException |

ExecutionException e) {

throw new RuntimeException(e);

}

}
}

a1
R

completedFuture() GJE T — “BI5EAL” HY CompletableFuture, X Fh future ME—
B R get() NEBXTR, FTLUE—BXHMUREE AR,

725 CompletableFuture FUREUABRFEE NS, XREE,

—fskit, get() SPHZEFTEE A RIIARLHE, ZPHZEALIEE InterruptedException
&% ExecutionException SEiBH!, 7EZAIHE T, HIT CompletableFuture B2k, Eiki
AEkhfHE, MNMEEERIER.

EHIYE, —E¥% Machina FH CompletableFuture E2EHER, HATHMEKIM, EIYSE]
17 CompletableFuture FiEfNBRIESRIEHIH RIS :

// concurrent/CompletableApply.java

import java.util.concurrent.*;
/% Wl
public class CompletableApply { Machina®: ONE
public static void main(String[] args) { Machina®: TWO
CompletableFuture<Machina> cf = Machina®: THREE
CompletableFuture.completedFuture( Machina®: complete
new Machina(0)); */

CompletableFuture<Machina> cf2 =

cf.thenApply(Machina: :work);
CompletableFuture<Machina> cf3
cf2.thenApply(Machina: :work);
CompletableFuture<Machina> cf4
cf3.thenApply(Machina: :work);
CompletableFuture<Machina> cf5
cf4.thenApply(Machina: :work);

[}

n

}
}

thenApply () FE B T — /482 WU B A FF A= B Hi 9 Function,  7E ZK Bl R, work () XA
Function JR [EIFTE AKERIIZEE!, HI4EME HF) CompletableFuture #i{/5|HZ Machina 2R,
(B (LT Stream HHf# map() ) Function tHAT DUREIARIFIHIZEEL, XA UM IREZEE HSR

ETLIMERE H CompletableFuture Y —EEA R : ST HRMRIER, BIIEHEINE
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FrSEHII RIFFF AL, BEHESE, XERMASEARELET, NialIAER (L
RIBHRERIERTIE,

BATRILAERR AR R, S MRFRIGENR, MEFRIIEER Strean FIABEE:

// concurrent/CompletableApplyChained.java

import java.util.concurrent.*;
import onjava.Timer; /*
Machina@: ONE
public class CompletableApplyChained { Machina@: TWO
public static void main(String[] args) { Machina@: THREE
Timer timer = new Timer(); Machina®: complete
CompletableFuture<Machina> cf = 521
CompletableFuture.completedFuture( */
new Machina(0))

.thenApply(Machina: :work)
.thenApply(Machina: :work)
.thenApply(Machina: :work)
.thenApply(Machina: :work) ;
System.out.println(timer.duration());

}
}
P BA TR T —4 Timer, BHERILIERE—EEIGMNT 100 2X, HETH
— BRSNS

{F CompletableFuture B MEEMFG—SRERININHEFILERN (45
AEE) !jw)\Ia(E"F B thenApply () SR FREFF RS2 ATAERE, BHREEKS
FORREISER, XERBAGRENEM S —, BECUIESHENERESZ — ©, FH75M
CompletableFuture fEEE T XERNTIILITH, RE/RREEREBASZEMEEE (5=
REGRE, BEESRINGSE ), AU HAESYLZLNHERER.

BRVERIBEL A thenApply () FFIAHI, ZfIh, CompletableFuture FIGIETFRSZERIFTA
ESHERIETT S5k, BERXENRER, EESHINEREETFAILIFEFREMES, %
JEVRERAT LIRSS B TV AREL I E SIS . R TESTE BRI ERBREIN Async SESLITIZRR -

// concurrent/CompletableApplyAsync.java
import java.util.concurrent.*;
import onjava.*;

public class CompletableApplyAsync {
public static void main(String[] args) {
Timer timer = new Timer();
CompletableFuture<Machina> cf =

O K, KEHFAEHUENEHER Java, BUESIENHEEEEEG— M2, £ WM BFHES.
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CompletableFuture. completedFuture(
new Machina(0)) VAl ¥-F
.thenApplyAsync(Machina: :work) 103
.thenApplyAsync(Machina: :work) Machina®: ONE
.thenApplyAsync(Machina: :work) Machina®: TWO
.thenApplyAsync(Machina: :work); Machina®: THREE
System.out.println(timer.duration()); Machina®: complete
System.out.println(cf.join()); Machina®: complete
System.out.println(timer.duration()); 545
} */
}

ESER (EIBRITEREEIRH ) &wE R TIERRRE", fESiEmnlEsk
2 “STHLEE, FNEBGKETIE, EMRFTI, DIFE of NAESBEHRTRSZ . X
thenApplyAsync() IS UIEFAES ST ZIEE], XEERR AT DASZENBAT T —MEMA, B
HHFYMStZRIRESZ T,

HUTEE SR ANR, ERAER cf. join() BIBHT, BFEEESTHRATHMIE
HT GRIZEEZITRE ). W join() WEAE—EMEEE nain() LEWHIT, BB cf £
VEseRk, BATAIABRBIRE S A RBESLIERE T MbTT .

XFHETDL “SIZIRE” (RS RE R T CompletableFuture FERYIE LT FHRIE, B
S R EEE SRS RN ERIESERE A — B (callback ), HE—NERERIESEMK
HREE, B AESRIENAERAER R Machina FFATIE, RIFHZRIETRE,
T ERERLE, DI, (B2 W T X BRI RS R & R O 51,
HEAIREAES, FHAREREME, F—MER T R RRE.

ZEE, ETEE, RABENEXAS., BFREFIRETRIERLY “E
JEHIGA” . 3@ Async JEHT, CompletableFuture &N IREEFTAWEIE, BRIFMIMERL
EASBINEREE, BUIREESER Async JHH.

5.10.2 HR(E
41 B R 25 & Javadoc F1 CompletableFuture MR NE, AILEEIBEHREZITIE,
[BEPREAHEZMARFRBRERSH, 2600K, EfAE thenApply () F1'& HIZERH

thenApplyAsync(), L% thenApplyAsync() FIFE—FFER, BHUMISE Executor SEBITE
& ( APHEREE R Executor HIRRA ),

UFRRGIERTHAN “BA” #E, XERERAZE KM ConpletableFuture
HAaH, BRSEREE (REREATTE ), B, RNMZERATEXRTLIE, A
AL B PR A -
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// concurrent/CompletableUtilities.java
package onjava;
import java.util.concurrent.*;

public class CompletableUtilities {
/! KBSHRET CF F A48 0948
public static void showr(CompletableFuture<?> c) {
try {
System.out.println(c.get());
} catch(InterruptedException
| ExecutionException e) {
throw new RuntimeException(e);
}
}
// AT RAL CF 4324k
public static void voidr(CompletableFuture<Void> c) {
try {
c.get(); // i&® void
} catch(InterruptedException
| ExecutionException e) {
throw new RuntimeException(e);
}
}
}

showr () 8 T CompletableFuture<Integer> Hy get(), FHE R T458, RNXH G
BERV R E 1T T IR, voidr() & showr() % CompletableFuture<Void> FYSZEI R AR, B
RS, BIEr RAEES R pal s MY 278 LU SR B =K CompletableFuture,

fEIEAEC I, NTEIAY CompletableFuture (XX fIZE T Integer Z2HY, cfi() NIE—MEL
M55, BEE—P5EEEH CompletableFuture<Integers> HEREEE T —> int 2650

// concurrent/CompletableOperations.java
import java.util.concurrent.*;
import static onjava.CompletableUtilities.*;

public class CompletableOperations {
static CompletableFuture<Integer> cfi(int i) {
return
CompletableFuture.completedFuture(
Integer.valueOf(i));
}
public static void main(String[] args) {
showr(cfi(1)); // AA&nlX
voidr(cfi(2).runAsync(() ->
System.out.println("runAsync")));
voidr(cfi(3).thenRunAsync(() ->
System.out.println("thenRunAsync")));
voidr(CompletableFuture.runAsync(() ->
System.out.println("runAsync is static")));
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showr (CompletableFuture.supplyAsync(() -> 99));

voidr(cfi(4).thenAcceptAsync(i ->
System.out.println("thenAcceptAsync: " + 1i)));

showr (cfi(5).thenApplyAsync(i -> i + 42));

showr (cfi(6).thenComposeAsync(i -> cfi(i + 99)));

CompletableFuture<Integer> c = cfi(7);

c.obtrudevalue(111);

showr(c);

showr(cfi(8).toCompletableFuture());

¢ = new CompletableFuture<>();

c.complete(9);

showr(c);

¢ = new CompletableFuture<>();

c.cancel(true);

System.out.println("cancelled: " +
c.isCancelled());

System.out.println("completed exceptionally: " +
c.isCompletedExceptionally());

System.out.println("done: " + c.isDone());

System.out.println(c);

¢ = new CompletableFuture<>();

System.out.println(c.getNow(777));

c = new CompletableFuture<>();

c.thenApplyAsync(i -> i + 42)
.thenApplyAsync(i -> i * 12);

System.out.println("dependents: " +
c.getNumberOfDependents());

c.thenApplyAsync(i -> i / 2);

System.out.println("dependents: " +
c.getNumberOfDependents());

} /* b

1

runAsync
thenRunAsync
runAsync is static
99
thenAcceptAsync: 4
47

105

111

8

9

cancelled: true
completed exceptionally: true
done: true
java.util.concurrent.CompletableFuture@1629346[Complete
d exceptionally]
777

dependents: 1
dependents: 2

*/
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main() FEE T —RFNIK, XEWXT HEMIH int B3I H, cfi(l)iFRET
showr () BITIERM. cfi(2) &2/ MEF runAsync() HI%IF. Runnable REsRENEMAME, Hitk
52 CompletableFuture<Void>, 3 HFH%]T voidr(),

ER, BT cfi(3) HIZIL, thenRunAsync() AT runAsync() IUE5EL—E, XBIAIITZE
ZIEHIIEA: runAsyne () RERSTTIE, FILMRBEARASEE cfi2) b—RIARE, mES
&£ QuittingCompletable.java FF—HEAE . BHEBEHMRRETT supplyAsync() [EREtE
FHSHY, (HEKH Supplier i~ Runnable, 3 H &4 Ef CompletableFuture<Integers, i
/RE CompletableFuture<Voids,

then 2517535 2451 CompletableFuture<Integer> H{T#a/E, R[ETF thenRunAsync(),
FATF cfi(4). cfi(5) M cfi(6) HIZRF then FFIEFEMR EHEIY Integer KAIERNSEL, IF
UIRTE voidr () FIFIERRETLIZZIRY, thenAcceptAsync() #EIT Consumer fERASEL, AR
SIREIASR, thenApplyAsync() #EIL Function fEAS%Y, EIEREIZR (FTLIERISHK
AIEIAYZEEL ), thenComposeAsync() A1 thenApplyAsync() JEH &, H 2B Function A%
R[] E7E CompletableFuture FR#E A SIS,

APl cfi(7) R T obtrudeValue() /5%, ESRHIEA—MEMEANSER, cfi(8) HHT
toCompletableFuture() LIMZ4HIHY CompletionStage 4= 5% CompletableFuture, c.complete(9)
TR T VRET AAIAIE S 8 ASEERSLE— future SEEBAT (T obtrudeValue() JIETLLER K]
FEH CHUSSERE X ANER ),

UNER{R cancel() (EXJH ) T CompletableFuture, EEFHESZERL “B5EE" (done),
H HERIRER FRISEEL ( completed exceptionally ).

getNow() J3HEZE AR[E] CompletableFuture FYSEEE(E, B AR([E] getNow() FUEE =%k
(UNERiZ future ERTEAL ).

BIEREE dependent® BIKEL:, QIERERA T BT CompletableFuture [/ thenApplyAsync ()
VAFEE—E, dependent EERTEE— . EEUNRBATEREES—1 thenApplyAsync()
WINE] ¢, BBAFRAE TP dependent : FIAELZHVEFR— MNONIER .. XI5ER T —NEE
JHFY CompletionStage HILAITEESERG, ETEMER fork HENEES,

5.10.3 &FtZ= CompletableFuture
CompletableFuture FRRHYEE — 2K 75 2L PR CompletableFuture fE %L, FFLIZHN

@ K, BIEAFZ#% CompletableFuture 52 CompletableFuture TSR , —i%&EAE
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HREESIF, —B5EH— CompletableFuture &5 T B —MRITFRAL, WEELRR
BRI S, X EEIRE LR R R e EER,

RTIE ERTTHE, BRITSE—MES, RESHESRZ —REHZESFERIN
£, HIERATE DUEEE Se 5 B CompletableFuture :

// concurrent/Workable.java
import java.util.concurrent.*;
import onjava.Nap;

public class Workable {

String id;

final double duration;

public Workable(String id, double duration) {
this.id = id;
this.duration = duration;

}

@0verride public String toString() {
return "Workable[" + id + "]";

}

public static Workable work(Workable tt) {
new Nap(tt.duration); // #
tt.id = tt.id + "W";
System.out.println(tt);
return tt;

}

public static CompletableFuture<Workable>

make(String id, double duration) {
return

CompletableFuture.completedFuture(
new Workable(id, duration))
.thenApplyAsync(Workable: :work) ;
}
}

7€ make() B, work() F59E#F T CompletableFuture, work() #£7 duration R B TE]
ZRHT, REHFEE WIS id EE, DARIRZ “work” B5EHk.

MAERITA LA S N E AR S CompletableFuture, F¥iEid CompletableFuture
I Z R E I TEARRBEER -

// concurrent/DualCompletableOperations.java
import java.util.concurrent.*;
import static onjava.CompletableUtilities.*;

public class DualCompletableOperations {
static CompletableFuture<Workable> cfA, cfB;
static void init() {
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cfA = Workable.make("A", 0.15);

cfB = Workable.make("B", 0.10); // ¥ 2ptik
}
static void join() {

cfA.join();

cfB.join();
System_ out. println ( 3ok sk sk skokokok skokkok sk ok sk kk 1 ) :
1
public static void main(String[] args) {
init();

voidr(cfA.runAfterEitherAsync(cfB, () ->
System.out.println("runAfterEither")));
join();

init();
voidr(cfA.runAfterBothAsync(cfB, () ->

System.out.println("runAfterBoth")));
join();

init();

showr (cfA.applyToEitherAsync(cfB, w -> {
System.out.println("applyToEither: " + w);
return w;

1)

join();

init();

voidr(cfA.acceptEitherAsync(cfB, w -> {
System.out.println("acceptEither: " + w);

)i

join();

init();
voidr(cfA.thenAcceptBothAsync(cfB, (wl, w2) -> {
System.out.println("thenAcceptBoth: "
+wl + ", "+ w2);
)

join();

init();
showr(cfA.thenCombineAsync(cfB, (wl, w2) -> {
System.out.println("thenCombine: "
+wl+ ", "+ w2);
return wl;
)
join();

init();
CompletableFuture<Workable>
cfC = Workable.make("C", 0.08),
cfD = Workable.make("D", 0.09);
CompletableFuture.any0f(cfA, cfB, cfC, cfD)
.thenRunAsync(() ->



e

System.out.println("any0f"));
join();

init();
cfC = Workable.make("C", 0.08);
cfD = Workable.make("D", 0.09);
CompletableFuture.allOf(cfA, cfB, cfC, cfD)
.thenRunAsync(() ->
System.out.println("all0f"));

join();

} /% .
} Workable[BW]
runAfterEither
Workable[AW]
koK ok Kok ok ok ok ok ok kok sk kok ok >k
Workable[BW]
Workable[AW]
runAfterBoth
sk ok 5k ok sk ok ok ok ok ok sk ok sk k ok k ok
Workable[BW]
applyToEither: Workable[BW]
Workable[BW]
Workable[AW]
sk >k 3k 3k 3k ok ok ok ok ok sk ok Kok ok ok
Workable[BW]
acceptEither: Workable[BW]
Workable[AW]
sk >k 5k >k ok ok sk ok >k ok >k ok Kok Rk k
Workable[BW]
Workable[AW]
thenAcceptBoth: Workable[AW], Workable[BW]
sk 5k ok sk ok ok ok sk ok ok ok ok kok kok ok
Workable[BW]
Workable[AW]
thenCombine: Workable[AW], Workable[BW]
Workable[AW]
3k >k ok ok sk ok ok ok sk ok Kok Kok kok ok
Workable[CW]
anyOf
Workable[DW]
Workable[BW]
Workable[AW]
ok >k >k ok ok 5k ok ok >k sk ok ok k kK Kok
Workable[CW]
Workable[DW]
Workable[BW]
Workable[AW]
sk sk 3k ok ok ok ok sk ok ok kok Kok Rk k
allof
*/




snme | 20

ATETVRE, cfAHl cfB #FEESH. init() FFIENXHE #THGEL, HbEM
"B" HIMACHY of B M T T REATRVIERY, EHIL oft KRS “BEH”. join() BB —MEFM
731, cf AR cfB SRIEEM T join() ik, FHERHESFL.

FrE X “SWEE” (dual ) B975TEEBE R T —> CompletableFuture /£ J9iE F 5 BIXT
& (FEE LERGE), LR —1 CompletableFuture fENE— /2%, EEHE L=
BATHI#RIE,

183d showr () 1 voidr() HUFEIL, ATLIBEZ] “run” F1 “accept” BERLSHER(E, T “apply”
M “combine” NIARkETHIEE 1% ( payload-bearing ) FJ CompletableFuture,

XETTELERE BRERL (self-explanatory ) B, F B /RETLAE 1T b H 36 IF 13X —

M. E A combineAsync() B MEBIEBMAIITIE, B CompletableFuture 52 55,

Ei%?ﬁﬁ%%fg,m BiFunction, #&J5 BiFunction 455 &FF (join) FHE4K CompletableFuture
RPEE=1e2

5.10.4 wUHRNFA

N T RTEAMAI B CompletableFuture SR — RFIFIHRIEIREPE—/S, TR ISRERLIH]
TEEHEIMRE, E—FEEERER (ingredient), FEEIHEATEM ( batter ) o

// concurrent/Batter.java
import java.util.concurrent.*;
import onjava.Nap;

public class Batter {

static class Eggs {}

static class Milk {}

static class Sugar {}

static class Flour {}

static <T> T prepare(T ingredient) {
new Nap(0.1);
return ingredient;

}

static <T> CompletableFuture<T> prep(T ingredient) {
return CompletableFuture

.completedFuture(ingredient)
.thenApplyAsync(Batter: :prepare);

}

public static CompletableFuture<Batter> mix() {
CompletableFuture<Eggs> eggs = prep(new Eggs());
CompletableFuture<Milk> milk = prep(new Milk());
CompletableFuture<Sugar> sugar = prep(new Sugar());
CompletableFuture<Flour> flour = prep(new Flour());
CompletableFuture
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.allof(eggs, milk, sugar, flour)
.join();

new Nap(0.1); // AR

return
CompletableFuture.completedFuture(new Batter());

}
}

SRTORI BT — Lo ISR MRS . allOf () SEFFTE RS T, RIFHEEL
R e R AT AT

T—E B —WTERIOER 4 MERGETD, RIEFHEEES . =Ll CompletableFuture
KA Stream LR [E]

// concurrent/Baked.java
import java.util.concurrent.*;
import java.util.stream.*;
import onjava.Nap;

public class Baked {
static class Pan {}
static Pan pan(Batter b) {
new Nap(0.1);
return new Pan();
}
static Baked heat(Pan p) {
new Nap(0.1);
return new Baked();
}
static CompletableFuture<Baked>
bake(CompletableFuture<Batter> cfb) {
return cfb
.thenApplyAsync(Baked: : pan)
.thenApplyAsync(Baked: :heat);
}
public static
Stream<CompletableFuture<Baked>> batch() {
CompletableFuture<Batter> batter = Batter.mix();
return Stream.of(bake(batter), bake(batter),
bake(batter), bake(batter));
}
}

55, BAIGIE T —4 Frosting (K78 ), FREEMEER L.

// concurrent/FrostedCake.java
import java.util.concurrent.*;
import java.util.stream.*;
import onjava.Nap;
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final class Frosting {
private Frosting() {}
static CompletableFuture<Frosting> make() {
new Nap(0.1);
return CompletableFuture
.completedFuture(new Frosting());
}
}

public class FrostedCake {
public FrostedCake(Baked baked, Frosting frosting) {
new Nap(0.1);
}
@Override public String toString() {
return "FrostedCake";
}
public static void main(String[] args) {
Baked.batch().forEach(baked -> baked
.thenCombineAsync(Frosting.make(),
(cake, frosting) ->
new FrostedCake(cake, frosting))
.thenAcceptAsync(System.out: :println)

.join());
}
}
—HRi&EMN T CompletableFuture 3 GHRITEES:, Bl ITESZSEMEYEFH.,
5.10.5 BE

A1 CompletableFuture X AMEGEF XN RIMABEN T —F, BT UBERE
EAEASEFEAEHF AN AR, XS8R RS2 iRE S RN I sk, N
THEREBEVSE, Bk — MR ESad T SERZE,

// concurrent/Breakable.java
import java.util.concurrent.*;

public class Breakable {
String id;
private int failcount;
public Breakable(String id, int failcount) {
this.id = id;
this.failcount = failcount;
}
@Override public String toString() {
return "Breakable " + id +
" [" + failcount + "]";
}
public static Breakable work(Breakable b) {
if(--b.failcount == 0) {
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System.out.printin(
"Throwing Exception for " + b.id + "");
throw new RuntimeException(
"Breakable " + b.id + " failed");
}
System.out.println(b);
return b;
}
}

BT EEEALY failcount (SRIEER ), IR work() FTIEMEFENER, failcount Hi&iE
W MEETF 0 KEME, work() SHIHIFE . WREHEE AN 0K failcount, MIkiz
REMHFH .

AR, ZEFERERHNSRHURERS.

TEBEIE Y test() 75iE, work() ¥ YK R T Breakable, FFLLANER failcount 7E7E
BN, Waibss, R, EMAZERRRRS, REDNEHEZIRERIE, B3
REFEHNK:

// concurrent/CompletableExceptions.java
import java.util.concurrent.*;

public class CompletableExceptions {
static CompletableFuture<Breakable>
test(String id, int failcount) {
return
CompletableFuture.completedFuture(
new Breakable(id, failcount))
.thenApply (Breakable: :work)
.thenApply (Breakable: :work)
.thenApply(Breakable: :work)
.thenApply(Breakable: :work);
}
public static void main(String[] args) {
/] FEREEEREK

test("A", 1);

test("B", 2);

test("C", 3);

test("D", 4);

test("E", 5);

/] e HEMREREBER:
try {

test("F", 2).get(); // &#& join()
} catch(Exception e) {
System.out.println(e.getMessage());
}
/1 MEFE
System.out.printin(
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test("G", 2).isCompletedExceptionally());
/1 Bk CRART
System.out.println(test("H", 2).isDone());
// BHEEFRF:
CompletableFuture<Integer> cfi =
new CompletableFuture<>();
System.out.println("done? " + cfi.isDone());
cfi.completeExceptionally (
new RuntimeException("forced"));
try {
cfi.get();
} catch(Exception e) {
System.out.println(e.getMessage());

}

} /* d
} Throwing Exception for A
Breakable B [1]
Throwing Exception for B
Breakable C [2]
Breakable C [1]
Throwing Exception for C
Breakable D [3]
Breakable D [2]
Breakable D [1]
Throwing Exception for D
Breakable E [4]
Breakable E [3]
Breakable E [2]
Breakable E [1]
Breakable F [1]
Throwing Exception for F
java.lang.RuntimeException: Breakable F failed
Breakable G [1]
Throwing Exception for G
true
Breakable H [1]
Throwing Exception for H
true
done? false
java.lang.RuntimeException: forced
*/

MAZ]ERILA TR R BT AR, FafRERE. RAEENEFHEA
get() BY, AEFBMEHNRE.

MU 6 TTELE Y, AR EAELTEFRESEREML, mABENIIHIZS
. R, W HSRBRITZEEDNAE ST WEE, FeERSTERETD.

HRIBHERE—EB3ER T /REJ LA i CompletableFuture lEARTE, NEEGHIL
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EARIE

FAEL FAEA TS RE S SR A S HbfEF try-catch, FATEE(EAITFIA CompletableFuture
s S PO B R S O LB Sk B S sthmi B 5 . R AR IE R /E TS CompletableFuture FRE
5 EIET . 7EE g%+ A CompletableFuture WM, —3tA 3 NZEHI: exceptionally().,
handle() DIz whenComplete() :

// concurrent/CatchCompletableExceptions.java
import java.util.concurrent.*;

public class CatchCompletableExceptions {
static void handleException(int failcount) {
/! RERFFEHAARZERE, LAERFMAMRGER.
CompletableExceptions
.test("exceptionally", failcount)
.exceptionally((ex) -> { // Function
if(ex == null)
System.out.println("I don't get it yet");
return new Breakable(ex.getMessage(), 0);
}H
.thenAccept(str ->
System.out.println("result: " + str));

/] BIEFMER (KE):
CompletableExceptions
.test("handle", failcount)
.handle((result, fail) -> { // BiFunction
if(fail != null)
return "Failure recovery object";
else
return result + " is good";
1
.thenAccept(str ->
System.out.println("result: " + str));

/] BT —REBHAE, A Ra THERRAMLER.
CompletableExceptions
.test("whenComplete", failcount)
.whenComplete((result, fail) -> { // BiConsumer
if(fail != null)
System.out.println("It failed");
else
System.out.println(result + " 0K");
1
.thenAccept(r ->
System.out.println("result: " + r));
}
public static void main(String[] args) {
System.out.println("**** Failure Mode ****");
handleException(2);
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System.out.println("**** Success Mode **¥*").
handleException(0);
} /* fk .
} *x*x* Failure Mode ****
Breakable exceptionally [1]
Throwing Exception for exceptionally
result: Breakable java.lang.RuntimeException:
Breakable exceptionally failed [0]
Breakable handle [1]
Throwing Exception for handle
result: Failure recovery object
Breakable whenComplete [1]
Throwing Exception for whenComplete
It failed
**x% Success Mode ***x
Breakable exceptionally [-1]
Breakable_exceptionally [-2]
Breakable exceptionally [-3]
Breakable exceptionally [-4]
result: Breakable exceptionally [-4]
Breakable handle [-1]
Breakable handle [-2]
Breakable handle [-3]
Breakable handle [-4]
result: Breakable handle [-4] is good
Breakable whenComplete [-1]
Breakable whenComplete [-2]
Breakable whenComplete [-3]
Breakable whenComplete [-4]
Breakable whenComplete [-4] OK
result: Breakable whenComplete [-4]
*/

HAEFEHEIEER, exceptionally() ¥ 7 S 1E1T. exceptionally() HYFR &l 7E T
Function IR[EMERIZRELAIHIE AR K— MNEFHIN SIEEZF, BIfE exceptionally()
MRE 2| TIERES,

handle() B 2&WIAAR, MEIRUIIGCE fail BEN trve, LIHIERGHRE K
4, (B2 handle() AIARREREFZEA!, HILE AFIRITOE, A28 exceptionally()
AR ERE.,

whenComplete() # handle() &1L, HLAFWNALIER, (HESHREHEE, Hafd
i A EREE PR result W,

1. m&

k

FAT¥t CompletableExceptions.java i wl, SE&E%E CompletableFuture 5 &1
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Stream YR HE A MX B :

// concurrent/StreamExceptions.java
import java.util.concurrent.*;
import java.util.stream.*;

public class StreamExceptions {
static Stream<Breakable>
test(String id, int failcount) {
return
Stream.of (new Breakable(id, failcount))
.map (Breakable: :work)

.map (Breakable: :work)
.map (Breakable: :work) /* B
.map (Breakable: :work) ; Entering try
} Breakable C [2]
public static void main(String[] args) { Breakable_C [1]
/] BEEAEIFAEATRE Throwing Exception for C
test("A", 1); Breakable C failed
test("B", 2); */
Stream<Breakable> ¢ = test("C", 3);
test("D", 4);
test("E", 5);

VAR HE R AR

System.out.println("Entering try");

try {
c.forEach(System.out::println); // [1]

} catch(Exception e) {
System.out.println(e.getMessage());

}

}
}

{g5 F CompletableFuture fif, FRATE R T MR A 2L E TR, HEFEH
Stream B, HZ EHEIRN FEEILKLEEEME (W1 [1] &8 forEach() ) ZHI, HABARZRE,
CompletableFuture &HUTES, FHETMRE, UEFENERNE. EN Strean iy
W e R AR A UEME, FRUAXHEHAGFEELE., A Strean BE AR
FRE.

2.MERERE
CompletableFuture FI1FF4T Stream R TR A S BRI S H ERIE, HIL, ROFHE
ERBRENRECERER B, fXSEEREAREIRELE:

// concurrent/ThrowsChecked.java
import java.util.stream.*;
import java.util.concurrent.*;
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public class ThrowsChecked {
class Checked extends Exception {}
static ThrowsChecked nochecked(ThrowsChecked tc) {
return tc;
}
static ThrowsChecked
withchecked(ThrowsChecked tc) throws Checked {
return tc;
}
static void testStream() {
Stream.of(new ThrowsChecked())
.map(ThrowsChecked: :nochecked)
// .map(ThrowsChecked: :withchecked); // [1]
.map(tc -> {
try {
return withchecked(tc);
} catch(Checked e) {
throw new RuntimeException(e);
}
s
1
static void testCompletableFuture() {
CompletableFuture
.completedFuture(new ThrowsChecked())
.thenApply(ThrowsChecked: :nochecked)
// .thenApply(ThrowsChecked: :withchecked); // [2]
.thenApply(tc -> {
try {
return withchecked(tc);
} catch(Checked e) {
throw new RuntimeException(e);
}
i3 H
}
}

GNER YRAE B F nochecked() B5|FH —#£, fEH withchecked() FIT5IEEIF, miEss
FRETE [1] A [2] &b4REE ., AFLL, RUFIBH lambda #iAR, (BEBE—MEEEEH
HETTE ),

511 FE#d

EAES SHHZE, Frbl—IES A RATREESFS —BUES B i-~{E, MESB
NIEE/RB—IES C, DU, HREMELERE —IUEESRHES ANES. It
IR T — N EASREIIRIER, WHsR T, XA, ©

O W MESHEIBE SRS, HHERASHEE, B ASEEEMERERN, et
TE.
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WERARNIFFIA BT RFNGIEES T, BARD LM LIEIBE bug, EIERFBTE
F, ROBERFEERBTIEY, HEGEBENENNE, XN, RAERLEEZNESE
FEPIINS, XEREMEBRERFT, BERERRARE—REBEAHERE (D
PR EE IR ). BEit, REERFRIIHHEE/INOREGIEES IR E, BRIFERR

FF RN EERI—ERY

Edsger Dijkstra #2H % R L@ ( Dining Philosophers problem ), &% ZE8i
HZHERE, XA ABHEARN, B 5 ME¥R (RN RN EERERE ),
i T—EB N AERE, B—EoNEELR. Yii1EEN, HFATEEMLZRE,
(BECRN RAEAEREENER., ERIONNERAT, EEEXTF, BUEFRE
FHERABAN YT, NREFHRANERRERNEZ, EEERHRDMmAS, &ENRE
T. B, SNEFREEERWRET.

MBI T : TENESR, M 48, FrLURREfIEEHE 6 iREEF (Al &
FHFRIABGER ), FHEFNTEE KB R, SHAEARPARE R, S2HF
— (I FEEC RN, MSFNEAFRSERE—RET. WREEFDNS —(H
LREEFEAMEERET, BAXMEERHOAES, BRFRETLATARRE.

T XA StickHolder ( #EFHEAH ) 26— Chopstick (¥ ) KREFE DK
FEF 1 9 BlockingQueue 1, LIH{TEHL, BlockingQueue 2—FhEBELZEHIEES, TIIH
FHERRF, MREMA take() HAFIAZ, BMAHE (56F), —HHRmRMBAR
5, PHER SRR, HSREZTRE:

// concurrent/StickHolder.java
import java.util.concurrent.*;

public class StickHolder {
private static class Chopstick {}
private Chopstick stick = new Chopstick();
private BlockingQueue<Chopstick> holder =
new ArrayBlockingQueue<>(1);
public StickHolder() { putDown(); }
public void pickUp() {
try {
holder.take(); // ATAMAMEE
} catch(InterruptedException e) {
throw new RuntimeException(e);
}
}
public void putDown() {

try {
holder.put(stick);
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} catch(InterruptedException e) {
throw new RuntimeException(e);
}
1
}

fE] B S JIL, Chopstick N2 Hi StickHolder SLFRZAE gk, M{NFERHEFAEH. WE
URIE A pickUp() (B2 ) ELEST 4RI RAT M, picklp() = —EMHEE, EHIHT HE
Philosopher i#id il f putbown() (BT ) #GR[El, ERAEFHENEELZ LM EH
BlockingQueue SEARIERY,

£ Philosopher H\E—MES, BN ELT L pickp() ( Ef2 ) HEFRIZIR,
SRJG18 I putDown() SRBEMIX LEFE T

// concurrent/Philosopher.java

public class Philosopher implements Runnable {
private final int seat;
private final StickHolder left, right;
public Philosopher(int seat,
StickHolder left, StickHolder right) {
this.seat = seat;
this.left = left;
this.right = right;
1
@Override public String toString() {
return "P" + seat;
1
@0verride public void run() {
while(true) {
// System.out.println("Thinking"); // [1]
right.pickUp();
left.pickUp();
System.out.println(this + " eating");
right.putDown();
left.putDown();
}
}
}

A1~ Philosopher AH]BERLIIHEEIRT take() F—IREEF. BN, MR—IREFEEWH
— Philosopher 3, FT—MEIXEER—IRHETHI Philosopher ZPHZE, ERFZETHE

ERE-NEMNRAENERFIES T . AT EEEEBW, REEERANENk
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// concurrent/DiningPhilosophers.java

/] TeFBH A

// {ExcludeFromGradle} #M&®/E Gradle ¥ AHRM // A$HtEE#%A Gradle FRHANRD, #HT
ZwsigATIER, RYAASRE, —iFHE

import java.util.*;

import java.util.concurrent.*;

import onjava.Nap;

public class DiningPhilosophers {

private StickHolder[] sticks;

private Philosopher[] philosophers;

public DiningPhilosophers(int n) {
sticks = new StickHolder[n];
Arrays.setAll(sticks, 1 -> new StickHolder());
philosophers = new Philosopher([n];
Arrays.setAll(philosophers, i ->

new Philosopher(i,

sticks[i], sticks[(i + 1) % nl)); // [1]
// B AR BT e RAS BSR4
// philosophers[1] = // [2]

// new Philosopher(0, sticks[0], sticks[1]);
Arrays.stream(philosophers)
.forEach(CompletableFuture::runAsync); // [3]
}

public static void main(String[] args) {
// EZBE
new DiningPhilosophers(5); // 4]
// #FFmain() RiBH:
new Nap(3, "Shutdown");
}

}

YRR TE SRR, BEEEMT. FAEETRIOVSREER, THHAEIRE
L TR T VR CPU 2k ©, BEESEIUZRINIBEH Rk EFEeH, (BRI b
HIH1EE E TR B, BT AEE ARG E IR T IR, FEOARA] REFE S
% HRBEE ((URIUEHSLR S TIEMIVER ), FEBERFETER, mEZ
BREZSER—ARENHE BN, ATHAHIEH . TEEERNE, BFAERERR
TR, HABKRERFASIENZY 2R LREEH, BFDAREHINEN, JER
HEHII—— XA LA B RIS T, SRR X RFIRRERE.

7E DiningPhilosophers Hytai&2EH, 45~ Philosopher E SR T 24— StickHolder
§95| . & T 85— {7 Philosopher, H775 HJ Philosopher #Ji@ ¥ H B E AL T T —X

O XHAREEAE, BEEMESERMELE, YEREHAREEN, ABhERR Java A=
EFEBARNNE (iAW ), BEERKHIR T BT SCMREERE, BHASIRIINE
SPTXITAE.
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R RAkR#HTHIA M, BJ5—(L Philosopher MM 4Bl T 45 0 IREEF, 1ENADHIMR
FHISIH, HIERT EE AR, X2REANHE— L Philosopher IF fF AL 7E 85 — i
Philosopher 3513, fh{1H=2E 0 IREF, RID (1] B/R T @B n A FHHETF,
HAE B JF—I Philosopher F5[AIF| 55 —{7 Philosopher 35141,

UAEFT B I Philosopher HSE] LAFFIAIZZRPE T, £ —{I Philosopher & 7E 25 R4 B Y
Philosopher J{ R EHHHFE T,

N TTE [3] AZENEED Philosopher, FRIEMA T runAsync(), :XEWkZE DiningPhilosophers
HIMEIEZRSTE [4] Az ZIR[E]l, WISRAAEIERELE main() 526k, ARFHMSETIEBE, H
AT A%, Nap WRFEZE T main() WIEH, KEEN 3WE, mEEHZ (B%) B
THITER

FEXHIECE T, Philosopher SLfR bR ARIAIES, HEILifILEEIZRAHEIFEH
¥, SERRRMERE . RETLAMELUFBEE

1. 7E47 [4] &b, B AR(ERINEZ /Y Philosopher ;
2. BYJH Philosopher.java F347 [2] #bHI7ERE,

EHEREA IR S RIE AT R, XER T REHARFINGKRE, UK
FREEARFEER “ERIVE LBTRE” FTUMEEERLE2N., KEEZHRE
CHEGERFEASIEHN, MESESHEN., REIZFLUER, EERASERT — M
PR AR AETE SRR IS T R A B LIETT ER.

NTEEZFM, BITNEE, HISEHTFERNBRIUT 4 M4,

1. 5. REESFERANZD—ITRESMFARERLER, i, —RETRN 2EEm
— {37 Philosopher &1,

2. BEL—NESFSVBIFE —TRIR, HFEEGFEHES —MESEHEENWEREE. e
Wi, WERERHIIZEE, —(I Philosopher MAIREE —IRET, HFHAEESRER IR,

BIARBEMN—NMESHRIE—TERE. EFRELUEENSEERRZE. &0
Philosopher {RAFLERE, i TH A= MELH Philosopher FEIGEMR T,

4 =REBRERS, AR 1MMESEGE—IMESHENTR, B—MESNESREF
B-MESHENRIR, LULEE, BEEREMESEESFE - MESHENRIR, it
—IE BN T SEIBIR, 7E DiningPhilosophers.java 1, H T4 —f7 Philosopher 7 &
SOREVE AW, BRI, BER4 TIEINER:,
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HFRA X ELEDFENEE T ESBIY, HLRoFEIEESR—, Ll
BRIEE, EAERER, BNBRGEMPEENE: BIRENNEE, ZRGFEER
EE[ 945 —{if Philosopher #Bik [ #Z#8 E IR F R HET: LA, BED, Hit, &0
Philosopher EATIRE—NEB LB T, —NEELTNRT, XS T EIER.
SRTFT, HIEREH—{7 Philosopher 22iR S EHEAE IR T, 1% Philosopher FAAARSIERGA
IIHY Philosopher ZAEHR T, XAFFRFHE 1L T IEIAESRT,

7F DiningPhilosophers.java B, EXE7E (11 4R T —AHERE. XEBEXRD
philosophers[1] & #t 3y — fif Bi 8] T & % F JIfi /¥ 19 Philosopher, & i #f fR 58 — 1
Philosopher SEEsFIi FAEBHIEET, FATER T FEBIHITTREME

XN EMRIOZABINEZ — ., IR DUB IS LE L SRR .

EESEE T RERIES R R, (R R EE R R XA
i, XFEEERERRESRRFIASKN, XOETESIMITROES. =4,
ER R AAE, BRERERNDNEREXKEAERZRR—FENE, BERAHE
ES[iNN

5.12 MEBHIREEZTEN

HE—-FTHRIBEELRE, REBANNEELELZEN, BE, EHNRERIIGN
ZHi, EEHEAEBIXING, NEATAREERSFZARE? B, Java BT
( Java Language Specification, JLS ) BARfHb S -

BHEREHRASHRELREY, AAXHBSHEEEENENNR, EXRNA
EMERERITEZN, HULBEELEER IR,

REZWE, NEIEESEMNEMEMDE—, B EERERFRFBEEE R
B, i, EVHIATREEIRHED.

HEZ - TH—NESFERANES MR R NE— RN RE, T EARRE
SEEL, FRATA—MEOFHE:

// concurrent/HasID.java

public interface HasID {
int getID();
}
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N E R B ST 24 O

// concurrent/StaticIDField.java

public class StaticIDField implements HasID {
private static int counter = 0;
private int id = counter++;

@Override public int getID() { return id; }
}

XAMRREEZRRERERZNRT . EEEEEE — ORI 815

. NTEBEHRSZMIBENGIFEESNEREFA, BFRET—MIRTA:

// concurrent/IDChecker.java

import java.util.*;

import java.util.function.*;

import java.util.stream.*;

import java.util.concurrent.*;

import com.google.common.collect.Sets;

public class IDChecker {
public static final int SIZE = 100_000;
static class MakeObjects
implements Supplier<List<Integer>> {
private Supplier<HasID> gen;
MakeObjects (Supplier<HasID> gen) {
this.gen = gen;

}
@Override public List<Integer> get() {
return
Stream.generate(gen)
Llimit (SIZE)
.map(HasID::getID)
.collect(Collectors.toList());
}

}
public static void test(Supplier<HasID> gen) {
CompletableFuture<List<Integer>>
groupA = CompletableFuture

.supplyAsync(new MakeObjects(gen)),

groupB = CompletableFuture

.supplyAsync(new MakeObjects(gen));

groupA.thenAcceptBoth(groupB, (a, b) -> {
System.out.println(

Sets.intersection(
Sets.newHashSet(a),
Sets.newHashSet(b)).size());

}).join();
}
}
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MakeObjects ¢ B/ Supplier, BT get() J5EE3RA AL List<Integer>, 1% List BB
MEEA HasID XPGRAHEEY id MR, test() 73 %ﬁﬂ@?ﬁﬁﬁ\#ﬁﬁ’ﬂ CompletableFuture 5

1547 MakeObjects [ supplier, SRS EREER, FHiBid Guava FE Sets. intersection()
SEHHUX AN List<Integer> %/ id EAHFERY ( Guava b retainAll() BHRMRZ ).

TAERT LU StaticIDField T :

// concurrent/TestStaticIDField.java

public class TestStaticIDField { /* W
public static void main(String[] args) { 21397
IDChecker.test(StaticIDField: :new); */

}
}

E’E id BN E, B, B4 static int W THELERHITFAZ S, TH
FA13E5T AtomicInteger 3fiFiZid *I’Ejj@é* el

// concurrent/GuardedIDField.java
import java.util.concurrent.atomic.*;

/* B
public class GuardedIDField implements HasID { 0
private static AtomicInteger counter = */

new AtomicInteger();
private int id = counter.getAndIncrement();
@verride public int getID() { return id; }
public static void main(String[] args) {
IDChecker.test(GuardedIDField::new);
}
}

1B E = A MEG DA R EIRG, B EESRSH:

// concurrent/SharedConstructorArgument.java

import java.util.concurrent.atomic.*;
/* W
interface SharedArg { 16537
int get(); 0
} */

class Unsafe implements SharedArg {
private int i = 0;
@0verride public int get() { return i++; }

}

class Safe implements SharedArg {
private static AtomicInteger counter =
new AtomicInteger();
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@Override public int get() {
return counter.getAndIncrement();
}
b

class SharedUser implements HasID {
private final int id;
SharedUser(SharedArg sa) {
id = sa.get();
}
@Override public int getID() { return id; }
}

public class SharedConstructorArgument {
public static void main(String[] args) {
Unsafe unsafe = new Unsafe();
IDChecker.test(() -> new SharedUser(unsafe));
Safe safe = new Safe();
IDChecker.test(() -> new SharedUser(safe));

&b Shareduser IS RS R E THEHIS L, KE Sharedlser E@T R L ELS
EHRAFCREATHSHD, EEENERARNER TiHsE, SharedUser EZE LA LE
BUXMMEREERT, ERHEREEE T

BB S EHEH AL R synchronized (E1FIEEEE, (BET LLEBT synchronized i&
AR, REEZECOR (AL ) WSS (E T synchronized XBEF, BESFIAHE 6= ),
ERILSFER “ XSHEEEWENNSR”, EXHAREN—WERESL FEA
B#757571%, L synchronized FMIEESSLPR_E45PHEE Class X5k, BATAILLBESEIEED
HESH RIFN S L8, REMZIRE:

// concurrent/SynchronizedConstructor.java

import java.util.concurrent.atomic.*;
/* Wk
class SyncConstructor implements HasID { 0
private final int id; %/
private static Object

constructorLock = new Object();
SyncConstructor(SharedArg sa) {

synchronized(constructorLock) {

id = sa.get();

}
}
@Override public int getID() { return id; }

}

public class SynchronizedConstructor {



public static void main(String[] args) {
Unsafe unsafe = new Unsafe();
IDChecker.test(() ->
new SyncConstructor(unsafe));
}
}

%f Unsafe KL ZIAERLZ LT .

AR R RS REAFAEN (EIAHE IR ), LI EENI 5
SRAERRHTHIX &R -

// concurrent/SynchronizedFactory.java

import java.util.concurrent.atomic.*;
/* W
final class SyncFactory implements HasID { 0
private final int id; */
private SyncFactory(SharedArg sa) {
id = sa.get();
}

@verride public int getID() { return id; }
public static synchronized
SyncFactory factory(SharedArg sa) {
return new SyncFactory(sa);
}
}

public class SynchronizedFactory {
public static void main(String[] args) {
Unsafe unsafe = new Unsafe();
IDChecker.test(() ->
SyncFactory.factory(unsafe));

B EE# ST REAREN, (REMIEEETR Class W& ET 8,

Pl B R BIERE T EH A Java BT, RUIMEEEZRGES ARLUREE, H
EIRRAT “HABMRIEE" WK, BINIEEERBINEDRE.,

513 IiFE. 8. BA

S REEE— i, EFETRES, NHFTSEST— SRR LR
R — BB - '

// concurrent/Pizza.java

import java.util.function.*;
import onjava.Nap;
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public class Pizza {
public enum Step {
DOUGH(4), ROLLED(1), SAUCED(1), CHEESED(2),
TOPPED(5), BAKED(2), SLICED(1), BOXED(O);
int effort; // EERAAINEF—F
Step(int effort) { this.effort = effort; }
Step forward() {
if(equals(BOXED)) return BOXED;
new Nap(effort * 0.1);
return values()[ordinal() + 1];
}
}
private Step step = Step.DOUGH;
private final int id;
public Pizza(int id) { this.id = id; }
public Pizza next() {
step = step.forward();
System.out.println("Pizza " + id + ": " + step);
return this;
}
public Pizza next(Step previousStep) {
if(!step.equals(previousStep))
throw new IllegalStateException("Expected " +
previousStep + " but found " + step);
return next();
}
public Pizza roll() { return next(Step.DOUGH); }
public Pizza sauce() { return next(Step.ROLLED); }
public Pizza cheese() { return next(Step.SAUCED); }
public Pizza toppings() { return next(Step.CHEESED); }
public Pizza bake() { return next(Step.TOPPED); }
public Pizza slice() { return next(Step.BAKED); }
public Pizza box() { return next(Step.SLICED); }
public boolean complete() {
return step.equals(Step.BOXED);
}
@Override public String toString() {
return "Pizza" + id + ": " +
(step.equals(Step.BOXED)? "complete” : step);

A Machina.java —#, XN E—EERETL. LEHEEREIEF R, WREH
BRE S

“X /o

WMRBE—DANEM—DEEE, BATBNLBREREMERN, —MEE—1

// concurrent/OnePizza.java
import onjava.Timer;



public class OnePizza { /* dd
public static void main(String[] args) { Pizza 0: ROLLED
Pizza za = new Pizza(0); ii;i: gf Eﬁgéggo
System.out.println " :
yTimer.durgtion((; > { P}zza 6: TOPPED
\ Pizza 0: BAKED
while(!za.complete()) pizza 0: SLICED
za.next(); Pizza 0: BOXED
)i 1665
} */
} .

rEBRAREZE, FFEEFE SN TR, SRMRIMHEN—3

MEREXBESIE T 5 MRS, FRAMRSTRIRIZAEN SR 6 &, ERIFREER
HRig? AILAMIHTHRIITTHIFG

// concurrent/PizzaStreams.java
import java.util.*; /* il
import java.util.stream.*; gi;;: 22 Egttgg
import onjava.Timer; pizza 2+ ROLLED
Pizza 3: ROLLED
public class PizzaStreams { pPizza 4: ROLLED
static final int QUANTITY = 5; Pizza 1: SAUCED
public static void main(String[l args) { Pizza 0: SAUCED
Timer timer = new Timer(); g}zza gf gﬁgggg
IntStrean. range(d, QUANTITY) Slaee 3v SAUCED
.mapToObj (Pizza: :new) Pizza 3: CHEESED
.parallel() // 1] Pizza 2: CHEESED
.forEach(za -> { Pizza 4: CHEESED
while(!za.complete()) Eizza gl E:EE?EB
. izza 1:
; pavnext(); Pizza 3: TOPPED
Hi _ ; Pizza 2: TOPPED
System.out.println(timer.duration()); Pizza 4: TOPPED
} Pizza 1: TOPPED
} Pizza 0: TOPPED
Pizza 4: BAKED
Pizza 2: BAKED
Pizza 3: BAKED
Pizza 0: BAKED
Pizza 1: BAKED
Pizza 4: SLICED
Pizza 3: SLICED
Pizza 2: SLICED
Pizza ©: SLICED
Pizza 1: SLICED
Pizza 2: BOXED
Pizza 4: BOXED
Pizza 3: BOXED
Pizza 1: BOXED
Pizza ©: BOXED
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MERNMAERZHIE 1 DL, HIET 5 MEiE, REBRAT (1], TR
UERISRANFFHTEA AR B T 5 fBHERT . BRI LR QUANTITY 20 4, 8, 10, 16 F117,
BHEEXS, BEEENEEEMT 4.

PizzaStreams.java £7£ forfach() HFEE AT AR LIER, AIRFRANTRIRZAIEEE map
R, NEREMFAZIE?

// concurrent/PizzaParallelSteps.java

}mport qava.ut}l.*, - /%
}mport Jaya.ut1¥.stream. : Pizza 1: ROLLED
import onjava.Timer; pizza 2: ROLLED
Pizza 0: ROLLED
public class PizzaParallelSteps { Pizza 3: ROLLED
static final int QUANTITY = 5; Pizza 4: ROLLED
public static void main(String[] args) { Pizza 4: SAUCED
Timer timer = new Timer(); Pizza 2: SAUCED
IntStream.range(0, QUANTITY) Pizza 0: SAUCED
.mapToObj (Pizza: :new) Pizza 1: SAUCED
.parallel() Pizza 3: SAUCED
.map(Pizza::roll) Pizza 1: CHEESED
.map(Pizza: :sauce) Pizza 3: CHEESED
.map(Pizza::cheese) Pizza 4: CHEESED
.map(Pizza: :toppings) Pizza 2: CHEESED
.map(Pizza: :bake) Pizza 0: CHEESED
.map(Pizza::slice) Pizza 3: TOPPED
.map(Pizza: :box) P%zza 1f 10PPED
.forEach(za -> System.out.println(za)); Eiii: g: Iggggg
System.out.println(timer.duration()); Pizza 4: TOPPED
} Pizza 2: BAKED
} Pizza 3: BAKED
Pizza 1: BAKED
Pizza 0: BAKED
Pizza 4: BAKED
Pizza 3: SLICED
Pizza 1: SLICED
Pizza 2: SLICED
Pizza 0: SLICED
Pizza 4: SLICED
Pizza 3: BOXED
Pizza3: complete
Pizza 1: BOXED
Pizzal: complete
Pizza 2: BOXED
Pizza 0: BOXED
Pizza0: complete
Pizza2: complete
Pizza 4: BOXED
Pizza4: complete
1766
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segzE AL, MEHIFRSE, EAS N HIEEEERARSBIRIRFT,
B L AL I TAT LU 7E PizzaParallelSteps.java FRAREE, Bid 5 BE& S Bk

— R,

FRATATLLA CompletableFuture SEEE S ZR

// concurrent/CompletablePizza.java
import java.util.*; /* W
import java.util.concurrent.*; 98
import java.util.stream.*; Pizza 1: ROLLED
import onjava.Timer; Pizza 3: ROLLED
Pizza 4: ROLLED
public class CompletablePizza { Pizza 2: ROLLED
static final int QUANTITY = 5; Pizza 0: ROLLED
public static CompletableFuture<Pizza> Pizza 1: SAUCED
makeCF (Pizza za) { Pizza 2: SAUCED
return CompletableFuture Pizza 3: SAUCED
.completedFuture(za) Pizza 0: SAUCED
.thenApplyAsync(Pizza::roll) P}zza 4: SAUCED
.thenApplyAsync(Pizza: :sauce) P}zza 2: CHEESED
.thenApplyAsync(Pizza: :cheese) P%zza 82 ,CHEESED
PP LYASY Pizza 3: CHEESED
.thenApplyAsync(Pizza: :toppings) pizza 1: CHEESED
.thenApplyAsync(P}zza::bake) Pizza 4: CHEESED
.thenApplyAsync(P}zza::sllce) pizza 2: TOPPED
.thenApplyAsync(Pizza: :box); Pizza 4: TOPPED
} Pizza 1: TOPPED
public static void Pizza 3: TOPPED
show(CompletableFuture<Pizza> cf) { Pizza 0: TOPPED
try { Pizza 0: BAKED
System.out.printin(cf.get()); Pizza 4: BAKED
} catch(Exception e) { Pizza 1: BAKED
throw new RuntimeException(e); Pizza 3: BAKED
} Pizza 2: BAKED
} Pizza 3: SLICED
public static void main(String[] args) { Pizza 1: SLICED
Timer timer = new Timer(); Pizza 2: SLICED
List<CompletableFuture<Pizza>> pizzas = Pizza 4: SLICED
IntStream.range (0, QUANTITY) Pizza 0: SLICED
.mapToObj (Pizza: :new) Pizza 0: BOXED
.map (CompletablePizza: :makeCF) Pizza 2: BOXED
.collect(Collectors.toList()); P%zza 4: BOXED
System.out.println(timer.duration()); Pizza 1: BOXED
pizzas.forEach(CompletablePizza: :show); P}zzaO: complete
System.out.println(timer.duration()); Pizzal: complete
! Pizza2: complete
¥ Pizza 3: BOXED
¥ Pizza3: complete
Pizza4: complete
1762
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FHTHRA CompletableFuture & Java & T BB A EIIR AR , RS MBTIRESRIZ
SR HP T —, RS REECRRTIFT O LB, AEFRE SEHIERS
BFER] . BRI BORAENIAE (B EH OIS RIE, (RES a7 Tss
Bff Spliterator FY3ZHY ), CompletableFuture XM T /E A BEFES RHEEL, XEERK
SREZUF, CompletableFuture FREKEBZREMEAESN, A ZEMEUE,

MRIAHIETERBIRE, SERELRIFEE T ARA—-LR F I THRIRAR ST EE
FESREEEMT, (TR NMRE, REIIITRIENSE —KERTEEERI T,

BIE—DHERE—ERINE . NOREABIEITE, BIFDERETESIE—
ELBERIRT I EE, HIVELE n BELRE. FEARGIFRESEHX —&H, B 4IREN EE
FERS, RRATRERRAAHE S, —ROR, EEFAR, EER R EE T LR RE
AR AAFILE, XEMHIEREELLEIETERIEE,

WRVRASEREMAIF &, FF17 Stream F] CompletableFuture A AETR A 5 3 B 21
Wi, EEAFEEH—SHRARN, B—EB/ND, HEERNRATE HOERIS
e LRI iL .

5.14 R4

RNFRFFRHIME—ESEBE “REER", XIS bRz a5E R PSR E R s,
(B Java SEFR B RESWEAPFAE, ©FrAXBULEE “IRIEFHRERBR,

WEFRIRER, BAREERERALERYE, EEAFERE, FUIRRIZEZ RSS2
SEEAAHE S, REEREMIEARTERED, than, TBRERIEG L (BT AR
R, TEHERATIREINRS ), SEEEFIROBARSE, FETERERNES e

REWHTIFHEEERRER, REEZPE—FHEETEICHENN “EEBES
EERGEN", MEFGRMERUN, SELRE—NEN: MEiES %5 %,
ZEREROBRITR. ERELFRT, CERENN SR 8E M E & 8T
K", BN —FLEAR T BE—EORIENHE —H—XN TELTERER
B, IFEAMERAE, SERERTIAE T IRNTRE T “BTERIR", LUEMN—

@® B3 embarrassingly parallel, It SHESRIE FH SRR, FskEXA LA REB AT
TRMERAI RIS E,, ——FHE

@ AIEME, FHFEHXINES ARG HSLINZEN (AEFRE ), ER7EShrR AR AR,
PLEFALUR “RimREX AR,



FRESLERR SR AT, (BRE-FIEHTFERERASRRN, RZER=E
EEENAE (BERFEBRARRKRNER), BEETHRBERER.

HFRL (B) TEHBRER (WEERTENTIEY ), REAATERIAER
GEEHERN . REZHAEESOWIERSEINS, RERNTRLANA RS
Bik, EEZREEACELEBRT

5141 R
HEMNEBEHREATIZENT,

1. GREESFHERENESBRREIE,

2. EHLIZFELINI CPU FFHH.

3. REBIBIT RS SBANENE I,

4 SRR, =5, P B (SARBEESBEMMES ETE, SEEER
E5ER ) RS,

5 EAEAR—E. BT, RADIEFLIE ERSFERIM I, B
B2 RS, MEBYREEE L AARER, ERMEIRTREAE .

moh, FEMNEE—TER, Java WRHEAE, REESONS, MATLIGIE
S0 E— DT e, ©4ATH, Thread FREMAINN R SMEREHA H IR
FIRE, QE— MRS ERTE, XEELEL— T EBENNRERRS . KT
ST, RANERBIROERLLTA Thread W5 (BHUSERAFREL ). EBEFER
o@D BATERRRAE, FUXER ARMPERE, EEXTRERIRR,
R —FAER, ATRESEERRE— M RE A FERTTR.

HZ=HEFAORM

HE M — N EEREE S MESTHRARE—NRE, LN—PRRIARE, K
NFURFX B S AR RIS R

B TIHILERRH S, #5248, TRNEDSERET, IOREHARRRE—
(R T NI AR ERIET . R LEIERFERE, ERKETREERE
SR, XEANERRERENE—, ©
O i, FETRRNERTAOEAE NS, WRIGEETT (Flyweight) BHHE, M Java R

P AEREISE,
® mRgh, —AERTIEEIEIIAE, EEAERRT, SRS (D) BAEHR. XTIFER

B, BATREAEAEZETIAIEN .
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BIBEIRE A, 116 E O EREE S ARRENENTHED. RIERSE, R
WALl WEE—RERFE— LR, EOHRSHNE, RIVE—&5E CPUIE,
EBWREED, EARNER TR Java DEMTE, FUBRSTSTHEN, HEE
FAOE CPUIEE |, RS A,

JEREIT 2 CPUINIR £, RIFFMENEFEREAT, EXUERBZ—., X
HAE Java WHi— “—WRE, BIBA" XNFEE T ETEEMHE I AERME
CPU #lZ2IZ CPU MlesNIER L. XEH K HSHIMRAMERE, RSCPr FREFSTEE CPU
Ples ERII—ERE, EEFEHMNEE, E2RFETE% CPUNELE, SEHETE
FaF TN, ENMNT<E5,

TiSBI—=DBIF, et “EERAERE", CHEEHRIMEE, HEEEE
R, XA TIR—UIEMR SRR

REERIAZNEHER, REKZREN B ORI RE 8BS,

5.14.2 Java ORI Z 4t

WERIRERIEHE Java H & TGEL B, HSATSHEASAR FHRERBR—PAH
XMEGE. B— T Javadoc 15T Thread K4y, REBZDITEWERT . XLEES
& Java B IRITEILEE, EAMITERINESHA, WHE TREERBEREA.,

JESRAY Java AR I — L ES R, BREAWITRAELNEEZLHEN., SEWE,
Java 8 HHFYFF1T Stream ] CompletableFuture IEHE A ME, it Y IRE N =B ARDE, 5
RN ERLEIHTT SR,

FEARFEMITT, HIREL Java WEEREZ—: FARMPZREIGTRATES
HEH, Java FENALEM., 5SEEXEEARSERE—REHIEARSEBE—
AUNRRARZA T RRFETHI R, F—EE, XEs THElF. EEEe
HYSL; NP —THR, EREIGENTRZN, RS ZRAIEARLL AR,

5.14.3 EHfthp9EE

AREZRETFI4T Stream H] CompletableFuture XF-MEX Z&MIEEW TE F, FEH
R BRSY Java PRIEBER AR T B, AT BRILR— T PR S IR, ibFhEs
W — S RIESLIR TAEF R RES I BIHIEE . FRATHZEIT Atomic 25, ConcurrentlinkedDeque.
ExecutorService A[] ArrayBlockingQueue, ZNEE 6 ZEiREs 7 — S EMAI T A, M Javadoc
Y java.util.concurrent FiA-EBIRERE ., AUEER, AYEHAECEW BT
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HAFRURT .

5.14.4 RE—MAFEMRITHIES

KUk, EEFAEEEEATE., NREEEERFL, RREERRHNTT
22, 347 Stream =% CompletableFuture, Wit I EMNELE ( 7E Java tHFRH ) RAIEELL
IRTSERR (R RAR SR E L EANFERIE ).

MR ARBRI A RS kA, BskEZy, BT BH Java (RRIISIRIRE
1, BEZERETHFESHEST. REEFTREFENTSERXMES, X
BEATEMEIN., EREABN, EFIWMBESS, RARNEREIESZ Clojure
(Lisp F9—B7s ) &1 Frege ( Haskell F9—FSLEL ), MR LARXHEMIES RS IR
B3R EERS, RIBIET JVM BAAHBA] Java ERFRLES), B, REATLUARELR
MIE= R EED (foreign function interface, FFI), Bk oM B —FEATHENES
B, FEREABK, gRPC BERARISENGE.

REAEKRE— BT, FEBA—MEERZESRR—RERES, —MEL
(I F- 2 HTML/JavaScript FI T RER TR, B T AESLhr BigitEss, FEEMEA.
sei F AR BT AL VR R F (R R O35 5 SRSCULIZIhBE (Eball, Scala.js ATRLLEAR
FH Scala SLEL ),

ZEOE FWERN, X+AAE, ERFEREBSIAE (URABE6E) BE
HIAIRE] Java F& R ANMEMERE N, BICERENEH, ANEERBEYBNRE
PRGNS, XEEFTRIAIRE Java B S EMEMIS-EHERE.

REHRFBESRELNFLBERS ABR, REENHENREE, WRAET
HEBWEN, BE —RIESETH.

5.14.5 FE{#[F)3E
(Java FE4IESIR ), VE# R Brian Goetz, Tim Peierl, Joshua Bloch, Joseph Bowbeer.
David Holmes &1 Doug Lea—&7K |, XELFHE Java FRIHFHH “BAR".

(Java HEHFY (F 2k ), Doug Lea #, REZBABHERT Java 5, 8 Doug
(A4 T VA T java.util.concurrent FE, BEIAFN T 2mEEMEH &R ER
EE . XABBET Java TS, NBRESMHEANEENET RS, SRIE
RE, SORBHELLHTE LN, EREEESHILE (BIFRRLNHEITER ).
Doug B /O METFERHENAZ—, BB ESHS.
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SANEETZYETRS Java REFF RS, E
BREETIHESREHEE. )

il
Il
H
RE

alil

558 5 EFRMN EENFAENE T HANS, aiEEH.
B2l Java F A GRIELE 1 ( FF1T#F CompletableFuture ),
REENE Java FRIRBEH AR S, XFEREZEX LR
IR, BEENEHA —EN T . FN, REEENRAD
Hfgrt R HIE A R,

£ Java R AH, KREFENHSEHEREFRR
HEN—I5, BRITEERTXESERWEZRE, DR T4
Nz R ERENT. ATE 5 BNBTRIRAN Java (5
FlIZ Java 8 ) BT REISGH EIEAR, MABRRTHE (F
NS ) BISCOERE,

6.1 H4ARZ=E?
HRBEFES BN S & EHIBTNES . SME
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KEEHITETRR (thread of execution ) FTIRED, BEHEEMALIE (thread ), LIZZHRE
RGHTE NS A — IR TR0 . B — N HER e &2 M HRPFITIES,
IREERENRERENMESHE —HOWLESR ., 2REEERA T REER
e, TR EREANEFETREE S MESN I, BERFSBLBEFENRHSNEE
Sy BECHRATRY A

Java FEIOTLEIE Thread 2, X TIES RYIRAH, Thread ASREFTHLE
EEREBAENESEN, MEESWEE, AMIERNTEFHISE, FRIE—R3
B Executor—— AN A RSk, LUK ETEESSRENBHAE (RHANER). &E
BEEEREETERT Executor FUNLEI, WIARTIEE 5 EHFHTR.

Thread & —FPEHE S RIKL B B SR AR SR R AF 4540 . B4R Thread Y BIEFIE AR B
SERVEMEMERH ARE, ERENMNERBIESLRAR, FEIREGIE Thread i, JVM
ATE—HEH Thread (RBE IR X 4Bl — KRB E, NfiAESHBTRETRN
—,

o —NEFIEEE, IBRENTINF—5 VM RS,

o —AEHE Java REGHUTHIR, G Z&EENA Y AT TS RTATE ST A
XEE, ERNEES EERTHENFE AR (@FEEARSINSE
WRIEE ). EEMERE, ZRA/NERTE 64KB I 1MB 2., ©

o —MNHTARHALAIEEL,

o AMBZEFZESE ( thread-local variable ) .,

o FITEHILENRSEITE,

A4E main() FRPFERBEBEGERMEEZN, REAGEREM,
EFHHBRESNIZAENE, RERIEHESATEHEBNERS, SR~k
(stack frame ), EFFE&ZTENFTEARBER, SMUTGREIERNGFME, g AKE
AKFISEBERIEZAE L. TER ORI S5 &S REEZERMA, fixRAS
WEME L., ERE—A, SEFRTANSERLE,

Bk 4N, Thread MFHERIERSS (OS) HATEM, HAEEATUEREMHIIEHE
TEXBBREE b, XEVEH Thread SRR —H4> R EHE, Java BERERFRS
X R LR B T & R AR R T

D 7EEETEE, FEE Windows, WAEEEMELIE R FIBNIAE ., FILLEN -Xss R aEE Rl
KN,
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6.1.1 RIEZLEH

WIERARFUIE B N5 5 =R CachedThreadPool FFIF, EL& T ExecutorService
NENBLZHENESEHE T —MEE. A, CountingStream.java HfIFF17F Stream
HAEE T 8 MEE ( TIELRRE worker 1~7, DAMSELA main() I—NERIE, ZEBEWIT
WHB AT — M EONIFFATIR Do WERIRIAE TGN range() BI LR, NEKIIF AL AR HET
INERRR, XERTAlE?

BATAT LU = HTHLER LRI ZR A S

// lowlevel/NumberOfProcessors.java

public class NumberOfProcessors { /* Hrd

public static void main(String[] args) {
System.out.println( ¥/
Runtime.getRuntime().availableProcessors());

}

}

HAIVLEE (FEABRE Intel Core i7 L0HE2S ) B 41, S8MEOTERN 2 MBLE
(hyperthread, —IRREEME ERUEEAR, ATLIZEENAbIEER FSCUIdEE LR E Rk, &
LB T O DALEZ A B BS B RO R R I SATE RV ERTE ). BRTE “Be3r” HIFLEE B
E—IEHEE (7EREARBH ), EEIROBESTZE CountingStream.java FEE| R REIRIES
R—TEBOAERREBGERER R,

RVBRER GO REBDEREINEENELEE. FlW, 7 Windows 10 H, B
‘FHE” EH, EERETEA ESEEE" JHETRER, &F e RER, &
AUBZRTEFNFERENER, GF 0" f “ZELER",

HESLIER, &R “EBE NREREMETTHLEENEE (XN FLRE RG]
BEARXEE ), XEPHSHERE Java RERA_ LTI : REEEENEENY
HPRAS, N EARSHITIREEHR NERRSH (FrRE ) FSIRRES, WF 8 MhE
#2018 > (HHEEEDR) Java REMBIRIK, JWM K ZEAFEEEBITX 8 MESH
T LT X, HTESHED TUHEFERENER, HRELSEENFF b,

Intel IABERIERE LT “ZEAESR" NKE, SFRERNIFNITEETE—Z
IR THUMILE LN, TTLURA BT XOISAEE, XA B TR WA
FSRERIRLEEESERIERE. W T EERIUES R, AR REEIEE I
PERZ O (MHFEEE ) HEE -3, 2R Java =8 NBEERERNE—MEERE, H
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p—

€

RAUTFE 4 Intel WHBLAENE EEEMRSNER, REUIL, ATHEHARBHESE, &
SEBLE MR ERAGESY, RUBEERECWESRRERHTRIE. XHAR
GBI 152 RS & AR R BB RN, BR, ZIXEERTHES
SRR R.

6.1.2 LIS IOERE

Thread St 5ot (5 822 (A1 25 (DAY R MG TR RRIAT /T HE R Java i, FERK Thread SY5RHY
KNSR R RERET AR, FEXBRBIUETIX—&, SRR Thread
W5, HE VM AEFER.

// lowlevel/ThreadSize.java

// {ExcludeFromGradle} E4Ta Mt kAFALHLEHER
import java.util.concurrent.*;

import onjava.Nap;

public class ThreadSize {
static class Dummy extends Thread {
@0override public void run() { new Nap(1l); }
}
public static void main(String[] args) {
ExecutorService exec =
Executors.newCachedThreadPool();
int count = 0;
try {
while(true) {
exec.execute(new Dummy());
count++;
}
} catch(Error e) {
System.out.println(
e.getClass().getSimpleName() + “: " + count);
System.exit(0);
} finally {
exec.shutdown();
}
}
}

EE{R—EL[] CachedThreadPool & AfF45, Bite=AUfiti6IEE Thread, [f execute()
# A Dummy X EIET FFE1ESS, 43— #TH9 Thread ( 2SR & H Bl A A Y Thread ),
Nap() EOSBS AR B A, XHEESHMASHEATENE, EEIHAR Thread 511
W, DBTEES . REREE TSI EEESIETA, CachedThreadPool FiEAR
ERNE.
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BA—EREEESEISE LEFISENFERHNER, EEaVEEE, REIXEN
45

>java ThreadSize
OutOfMemoryError: 2816

BLAR -Xss fRalab &4~ Thread BB R/N, AP HISR/MEZS TR 64KB -

>java -Xss64K ThreadSize
OutOfMemoryError: 4952

WE IR/ NERE] 2MB, BB EHIRREE U ARG -

>java -Xss2M ThreadSize
OutOfMemoryError: 722

Windows HIBRIAERA/NE 320KB, X — M Al AN DL FESLRRIT—ER & RIE
BRA/NER, BRIERGEFEET (REERIVNEER 320KB Y ) HFENEENKE

>java -Xss320K ThreadSize
OutOfMemoryError: 2816

WAETLUA -Xmx FREEE R JVM BB AR AT 53BN AF «

>java -Xss64K -Xmx5M ThreadSize -
OutOfMemoryError: 5703

ER, BERGUAREN ATFHEELHEIRE,

FEitt, “HATLIOIESHEE" ZAMAENERE LT, R, MERETED
ENSETILFNMEE, MORTREENEBIRNTIET —HENZRAWIEE “BE

BELZ/DER,
“‘TYEHE” Zef2it (WorkStealingPool )
XE—FREETAE T AR (a1 JYM BRI ) BEhoIEE 8N ExecutorService,

// lowlevel/WorkStealingPool. java
import java.util.stream.*;
import java.util.concurrent.*;

class ShowThread implements Runnable {
@Override public void run() {
System.out.println(
Thread.currentThread().getName());
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}
/* Hrh
public class WorkStealingPool { 8
public static void main(String[] args) ForkJoinPool-1-worker-1
throws InterruptedException { ForkJoinPool-1-worker-2
System.out.println( ForkJoinPool-1-worker-1
Runtime.getRuntime().availableProcessors()); ForkJoinPool-1-worker-3
ExecutorService exec = ForkJoinPool-1-worker-4
Executors.newWorkStealingPool(); ForkJoinPool-1-worker-4
IntStream.range(0, 10) ForkJoinPool-1-worker-2
.mapToObj (n -> new ShowThread()) ForkJoinPool-1-worker-3
.forEach(exec::execute); ForkJoinPool-1-worker-5
exec.awaitTermination(1l, TimeUnit.SECONDS); ForkJoinPool-1-worker-1
} */
}

TYEZFEL (Work Stealing ) B4 BB H B AFIHHTA T LER
“ZSER” EMBAFIFRI TR, ZEEN BNRENTIFER RIS, RBBELE
SETVER, mtERHTE AR IR R, Java i fork/join fEZRFREFEHBAZ] T
zHik.

6.2 WHREE
TEX A RO S T ARA R

// lowlevel/SwallowedException.java
import java.util.concurrent.*;

public class SwallowedException {
public static void main(String[] args)
throws InterruptedException {
ExecutorService exec =
Executors.newSingleThreadExecutor();
exec.submit(() -> {
throw new RuntimeException();
13N
exec.shutdown();
}
}

KB R AZERH (R RIERIRE submit() A execute(), BREEIFFE ).
BORBITEARR R R R REERTS, URERBITAN R,

IR RREREAENEE, —ERERREIESH () FEZS, BT HE
G, BRIEREE NS BORIRXAR ERNFE.

TEXAMES I TEEFIE run() FEZINEE, i nain() MER TBFZES
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// lowlevel/ExceptionThread.java
// {ThrowsException}
import java.util.concurrent.*;

public class ExceptionThread implements Runnable {

@Override public void run() {
throw new RuntimeException();

}

public static void main(String[] args) {
ExecutorService es =

Executors.newCachedThreadPool();

es.execute(new ExceptionThread());

283

es.shutdown();
} /*
} [ Error Output ]

java.lang.RuntimeException

*/

Exception in thread "pool-1-thread-1"

at ExceptionThread.run(ExceptionThread.java:7)

at java.util.concurrent.ThreadPoolExecutor. runW
orker(ThreadPoolExecutor.java:1142)

at java.util.concurrent.ThreadPoolExecutor$Work
er.run(ThreadPoolExecutor.java:617)

at java.lang.Thread.run(Thread.java:745)

BT OREET —HRER ) :

Exception in thread "pool-1-thread-1" RuntimeException
at ExceptionThread. run(ExceptionThread.java:9)
at ThreadPoolExecutor.runWorker(...)
at ThreadPoolExecutor$Worker.run(...)
at java.lang.Thread.run(Thread.java:745)

s main() FSIEMREZETE try-cateh BRAP IR B IH BT :

// lowlevel/NaiveExceptionHandling.java
// {ThrowsException}
import java.util.concurrent.*;

public class NaiveExceptionHandling {
public static void main(String[] args) {

ExecutorService es =
Executors.newCachedThreadPool();

try {
es.execute(new ExceptionThread());

} catch(RuntimeException ue) {
/] %E S RAPAT!
System.out.println("Exception was handled!");
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} finally {
es.shutdown(); /*
} [ Error Output 1___
} Exception in thread "pool-1-thread-1"
} java.lang.RuntimeException

at ExceptionThread.run(ExceptionThread.java:7)

at java.util.concurrent.ThreadPoolExecutor. runW
orker(ThreadPoolExecutor.java:1142)

at java.util.concurrent.ThreadPoolExecutor$Work
er.run(ThreadPoolExecutor.java:617)

at java.lang.Thread.run(Thread.java:745)
*/

DI AR g T FIETE R GRS R . — N REHRNEE . BRI RE, 5
PATNASZ Executor A BRERTEMI A I,

Thread.UncaughtExceptionHandler 04 M4E Thread WRHINEENEREF ., HEE
H T BB T RS TR, Thread.UncaughtExceptionHandler. uncaughtException() &
Sy EENEE, BEEREZE, TUAIE— N Threadractory 228!, B AEHTEERN
453 Thread W& IRIT— 7 Thread. UncaughtExceptionHandler, ¥iX-{~ ThreadFactory
T f& A Executors.newCachedThreadPool J5iE, ZJ5IESBIEEHT ExecutorService :

// lowlevel/CaptureUncaughtException.java
import java.util.concurrent.*;

class ExceptionThread2 implements Runnable {
@Override public void run() {
Thread t = Thread.currentThread();
System.out.println("run() by " + t.getName());
System.out.println(
"eh = " + t.getUncaughtExceptionHandler());
throw new RuntimeException();
}
}

class MyUncaughtExceptionHandler implements
Thread.UncaughtExceptionHandler {
@Ooverride
public void uncaughtException(Thread t, Throwable e) {
System.out.println("caught " + e);
}
}

class HandlerThreadFactory implements ThreadFactory {
@0verride public Thread newThread(Runnable r) {
System.out.println(this + " creating new Thread");
Thread t = new Thread(r);
System.out.println("created " + t);
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t.setUncaughtExceptionHandler (
new MyUncaughtExceptionHandler());
System.out.println(
"eh = " + t.getUncaughtExceptionHandler());
return t;
}
}

public class CaptureUncaughtException {
public static void main(String[] args) {
ExecutorService exec =
Executors.newCachedThreadPool (
new HandlerThreadFactory());
exec.execute(new ExceptionThread2());
exec.shutdown();
} /%
} HandlerThreadFactory@106d69c creating new Thread
created Thread[Thread-0,5,main]
eh = MyUncaughtExceptionHandler@52e922
run() by Thread-0
eh = MyUncaughtExceptionHandler@52e922
caught java.lang.RuntimeException
*/

MMEIIRERERRASET AR, T ArelEEAYEFEIRE T HHY UncaughtExceptionHandler,
R EYUTER uncaughtException 3k T

EHIETEARRBERSTHITRELESS. NRIREEEERESE AR
—NRELEER, EERENASEERERIABREELERF, ZOHEEETE Thread
RNEERE—NESTER:

// lowlevel/SettingDefaultHandler.java
import java.util.concurrent.*;

public class SettingDefaultHandler {
public static void main(String[] args) {
Thread.setDefaultUncaughtExceptionHandler(
new MyUncaughtExceptionHandler());
ExecutorService es = % B
Executors.newCachedThreadPool();
es.execute(new ExceptionThread());
es.shutdown();
}
}

caught java.lang.RuntimeException
*/

REEALES IR ENARREEOERF AFENNE, ZESTSRAR. &
GoRELEBGIENEEL IRENGEE, MRAFE, NWSHEZLEERS T 1S
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T E uncaughtException() 75, IERER, WEIEA defaultUncaughtExceptionHandler,

AL Z AR Z R 43R CompletableFuture HREi RV TTIE# AT HUEL

(o))

3 HERR

A LU BEAERE R B E— ME RS A E S TRSEER, & RABEHM—HE. I
HAE -k, B ARG RN T8 B 5 78 A SL R 2k B 7 7] — B i £ A ] — A B IR Y R
: Blan, WAANREER—MDTEER, RERANZD—E], MSRERNbE.

2

N
il
BTHE, XERABERIES, TEEMR T RS EAERMIHMES (EE2E

Z4 ), WRIRAREMEIEXFHRZE, ExHABEMESHERRGRE—MRTES, [
AR A — MTEIFUEATHT B, SE AR R R —NETEB 5.

6.3.1 BE=E
R R B — TSR T R VR, 2R VR A5 BT DU AR OR R0 75 15 SRR 3K «
B EIE A e E R E .,
EIEEI S RERERSERE.: NEREERBEN— FHRERNENRENT,
M, RESTRESHTRETE, REEBEBEREA—ITES.
RRTEGEN DL, EeEE
(E5 BT BE R X — N S AT IR,

—: BWEZ% (resource contention ) [Al&k,

EHZRR, YEEBTHESALE—NE, EF
HE#®RIE., XEFIHTELESHERTENREZ

FEREERSF, RKTTIEERRRZRNAE, EARKEEA SRR e
BEEHE, MXSIROE SRR, WA 255 1E H IR S R

fRJUZIAEN — MR EEMEH - S OERER S HENES. MRA—-NAEZ
MES BB N — MRS HTERE, ZRSEGZENHERFERAFE, 7 Java F
REEFFRER S — Wi E R EE R R RN, AERENMBETH—/NES, BRFA
2H,

EE TEXARG, —MESEEMEH, TEMESNSHEXLER, ik, H
B (ESME— BN 2R X BT

BARBI R4 E X EvenChecker, HIE#:EF(ES, HEHE RSN ROITHEESE
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FH. N7 ¥ EvenChecker MBI S ML AR HEHR, BELRAUE—TEN
IntGenerator Y2, B/ T EvenChecker EEFHRIME/INNETTIEE——rext() 75
%, MEEESETE.

// lowlevel/IntGenerator.java
import java.util.concurrent.atomic.AtomicBoolean;

public abstract class IntGenerator {
private AtomicBoolean canceled =
new AtomicBoolean();
public abstract int next();
public void cancel() { canceled.set(true); }
public boolean isCanceled() {
return canceled.get();
}
}

cancel () £ ZE canceled FRERVIRAS, MM isCanceled() & EHIFIRZIRE R T HIZ
BT, HTF canceled & AtomicBoolean, FFLAEEREF (atomic) BY, XEWKEE R
ERLEEME XA R RIEARSHEE NS, R RRSEENZ T BRI TIX L B #RE R
HIFRERAS . EAREMG, REFRIELZ R TE TR Atonic 2HIHTH

fE{A] IntGenerator ZBET LI T X EvenChecker R T :

// lowlevel/EvenChecker.java
import java.util.*;

import java.util.stream.*;
import java.util.concurrent.*;
import onjava.TimedAbort;

public class EvenChecker implements Runnable {
private IntGenerator generator;
private final int id;
public EvenChecker(IntGenerator generator, int id) {
this.generator = generator;
this.id = id;
}
@Override public void run() {
while(!generator.isCanceled()) {
int val = generator.next();
if(val % 2 !=0) {
System.out.println(val + " not even!");
generator.cancel(); // Bl A # EvenChecker
}
}
}
// MiXAEE R IntGenerator :
public static void test(IntGenerator gp, int count) {
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List<CompletableFuture<Void>> checkers =
IntStream.range(0, count)
.mapToObj (i -> new EvenChecker(gp, 1))
.map(CompletableFuture::runAsync)
.collect(Collectors.toList());
checkers.forEach(CompletableFuture::join);

}
// kst
public static void test(IntGenerator gp) {
new TimedAbort(4, "No odd numbers discovered");
test(gp, 10);
}
}

test() FFEREE T £ A5 A E —4 IntGenerator [ EvenChecker, EvenChecker {£4%
R & E KB IntGenerator HRSEEE FF 4T M, 215R IntGenerator ZEKM, M
test() SWFEFERE,

R R IntGenerator X2 [ EvenChecker {E & EF& K E IntGenerator, LIHAINIE
L EEEWEUY, A5 generator.isCanceled() Y45 SR E true, run() FiAFE=IRE]l, £
{A] EvenChecker {E45#5E] LAE A IntGenerator - cancel() 753, XEEEMATA %
IntGenerator [ EvenChecker {E& LR 1L,

FEXFEI, 2MESHETR—MALEE (R Intéenerator ), MEITIZEIRHY
BIEES, XFEEENERTENRSSEE, RN ENESRESINE &G, FHEL
REMSE, BREERTA-BHIER.

BTN E RS BB R TE T S BUTR R G AMIER,, 20-H, —MES
REERIGT A—MES, AANESHELINFEIEREN. ki, BdiESKBTIE
ESNE, BAVHER T E8EHRRE,

BE, BI1SEE test() BRESKM, BN EvenChecker (55 REE7E IntGenerator
BF “RIEH” FRESH, HREFHER. N, ArREEEE| Intcenerator SEAIREIX
EIAE, ASElHZa8, XEURTFRIERZIIREE, DRSS EEMAT, ZiH
HEARBHEDEERESFIE, BAERT TinedAbort, &I :

// onjava/TimedAbort.java

/] t RS LER

package onjava;
import java.util.concurrent.*;

public class TimedAbort {
private volatile boolean restart = true;
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public TimedAbort(double t, String msg) {
CompletableFuture.runAsync(() -> {
try {
while(restart) {
restart = false;
TimeUnit.MILLISECONDS
.sleep((int) (1000 * t));
}
} catch(InterruptedException e) {
throw new RuntimeException(e);
}
System.out.println(msg);
System.exit(0);
1)
b
public TimedAbort(double t) {
this(t, "TimedAbort " + t);
}

public void restart() { restart = true; }

}

B 7T lambda # 1A &, 6 2 7 — > Runnable, i@ i3I CompletableFuture [ static

runAsync () J3EERHAT . R runAsync () FIMMEERTASZZIREVEF . E, TimedAbort

NELHERAIASRAE DL BBES R BIRAS, AEWRBITRELREK, BENRESKIEZ
E£55 [TimedAbort HRFRAFIFBHEE ( daemon) ],

TimedAbort [FIFEARFENTEE restart() (ERE ), XEATHEESEFSEBfTRENE
MEER, TLULEEFR—EREET.

BT LB s, #—2F%F TimedAbort :

// lowlevel/TestAbort.java
import onjava.*;

public class TestAbort { /* W
public static void main(String[] args) { Napping for 4
new TimedAbort(1); TimedAbort 1.0
System.out.println("Napping for 4"); */
new Nap(4);

}
}

ANERERER Nap () IX—17, BEFEEZZIRE, HILATLIE Y TinedAbort FFoR1EESF
RIFEfT.

THERINEERE—F IntGenerator FISLHL ( EvenProducer ), EHHY next() F5iEFH
K&k — RV BEE :
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// lowlevel/EvenProducer.java
[/ A2 RAt
// {VisuallyInspectOutput}

/* Hrd

419 not even!
425 not even!
423 not even!
421 not even!
417 not even!
*/

public class EvenProducer extends IntGenerator {

private int currentEvenValue = 0;

@Override public int next() {
++currentEvenValue; // [1]
++currentEvenValue;
return currentEvenValue;

}

public static void main(String[] args) {
EvenChecker.test(new EvenProducer());

}

}

[1] —MESBETE R — MES AT T currentEvenvalue FI5E — 4~ H I #E1E /5 VA
next(), [ERBEESE - NEREERER., XSIbZELT “FEF BURE,

TR IE X B R & 4, EvenChecker.test() B3 T —4H EvenChecker Xf %, LARFEL
JEY EvenProducer i, FHRMS MGHERTEBEH., IRAE, BaREEBR, &
FRERNZ R,

L2 RBEEFNESSFSET, WRBENERIEER, MEFEbug BRT, X
LR PR LB ESRIBITIE .

EER, BEREASHEESMTSR, TES AR B ERIENPRELRE
HlsIEERD, R, Java PINESERIEHNREFRME. EILRIERERK EERE,
MERSESHTVENRF, BEAZEN.

ZEFHAEEEERAERIHMBRENME L, IERNESHAISZARIE, XBE
HEEBFIEST.,

6.3.2 MRREEFERF

HIE R RGIER T HEASENGENEERE: RAmIEAE— MR BEE M
7, BRIRLFEERY, FEEE-RXT, MEENEETNEE—RaN, HXF
ERESYHRE, SWRANET - XEEARNEREREET, RES A%t
ANFEETaY, SREREREFAEFNEIRNRE, A TIHREREBT, KRE
RS RTZS L AMES T R — AR, &7 A IR S X RS 5.

R RS S B B T — MES A — TR &, Szt b, B
G IEIES DA EZRR, REEMESRIRLRZART, E2I9Emk, 25
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B MESER EYOHERZEE, DU, R —HENRTHEMER RIER, 3
LK “HIHEEEAL)” HOZTFRE (TEARKIREH ) R8T 81,

BERRERRIP RV, LEREARNIFE S REHZERERFITRERIIL. X
BREA-NZIRAF—MESHRAZRE, XBFEELH - MO —BREBE
Eifdsk, FHER—-NZIAATF—MESPITZERNALRIIN, BT ZBEaE~EER
( mutual exclusion ) BI%UER, HEBLXHERTISIBEREAE R (mutex ).

ZRE—TRERNERDS: 20 A (S MELERESNZMES ) BERRERT
AH (AHEEERE ), EHATER, —PAFBELESIUBATIERYETESGHE, W
RarA, fistsHATERF L], BEMEFABEERBARPIARMS “THE" A
AT, EHXEATREETOHNER, B2 DAREHTA,

AR, A F—NAHARRER, XNEEMBERARIZLT . EhREFA
=B AN, MERMFAHEHEREREI AR T —MEAN, BAVEKENAEFRE
HER ., SLRIEHE, MFGE —HEENESEDER IO, H8ET DERBE
SHYULIIN, SERESESIEMR—MREZ TORHATLEN,

NTHGIEEREGER ER3E, Java SEHLT synchronized XX FMER FHINES
B, —MESEERFT—EHE synchronized KEFZFRFPIRIDERR, Java fRiEsss
ERABURASEST A, WRATH, ZESESKEY, TR, RERERE.

HERFE—RARUNSGEREFEN—BANE, BERAILE—N3XHE. —1/0 i
O, SEEWTEINXERNEY, BRI EERIRERGR, BRERERRERBRA—MER
d, RGEARERZERENITEET LLE synchronized Y, IR —MESAL T EHp—
A~ synchronized JSIAIE A, NIFTEEMESEHSHEE, KEH  ZNRIEET—
synchronized J57%, EHEIZE—MESMNEREAFEE,

BEEESFRERA private 1Y, M1 H R F5iE75 X, aLUEL A
synchronized Je BB AT IESRBG LEIHSR, RLBXEE:

synchronized void f() { /* ... */ }
synchronized void g() { /* ... */ }

FrEN S e — Mgt [ EHOvEMEE (monitor) ]. fEVAAE— synchronized
FIERIRHE, ZNREEEH E, BN RAEREM synchronized 7FIEAEILEMIAN, E
FE—MEATE RN, MR—MESEA TREOR FO 7TE, B—MESELE
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VAR —X% EM fO & 90, HE fO WEATRFRERS. Hit, FE DR
EXTGRHIFTA synchronized AT ERBE, XABHET LIRS IEZAMES 7E R —BIZIN 20
KNFHITEIRIE,

FEEENE, EEATENESFREEN private {9, 7N synchronized LT
EFEEIEEMIES EEB R TR, XEEAETHE,

—ANEEA S UERE— MRS, WR—DFERRR SR EEZANTTE,
fE-AFEARTRA—-NR ENB -5, ExREXFER, DU, WM
SRR G W G B S RBGI T I, WRZ RBIERR, I BERN 0. — 1
S —VOREB IR, I BER 1. ZERSUHREZE N R LR —8H,
B BES 1. 4%, RAEELRBYNART HATZKIRE. LESIHE K
synchronized 753, MBS 1, EEIEN 0, RN, 1HEAMZEER,

FAREH—N (FERZZEN Class WHRIY—F4Y ), HIL synchronized static HY
FET DTS BN E B84, B5IERATYIIA static BIEIE.

ROZEEERES (synchronize ) ? BTN A Brian B9EZE AN ( Brian’s Rule of

Synchronization ) : ®

MBHREN—ANTEETREWS N ERBEMPEEHTEHRE, AFER—AT
BRI S - ERERERIENTE, B RERRY, HREREMTRIENLNAE
— M EEHET,

LR ST IR BB EIER, M FTAMER TR EHTRE . WRANY

H—AJ5ETRE, BAEMMAERALTNZT &Y, FRERER., X—&81R
EE: HRxBEEEHIRNATA RIFERLJUZ synchronized B, FBNIEIIKIERIET,

6.3.3 45 EvenProducer [EE14
SynchronizedEvenProducer & — /™ ¥ EvenProducer.java H ffJ next() 75 % & B N
synchronized flRZRHY IntGenerator, XA LAPE IEARF&TEIRIZAE A :

// lowlevel/SynchronizedEvenProducer.java
// 4&R synchronized f&402Z 5 4
import onjava.Nap;

public class

@ HHE (Java FHERELE ) BIEZF Z— Brian Goetz,
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SynchronizedEvenProducer extends IntGenerator {

private int currentEvenValue = 0;

@override public synchronized int next() { /* .
++currentEvenValue; No odd numbers discovered
new Nap(0.01); // TRAZHFHERK */
++currentEvenValue;
return currentEvenValue;

}

public static void main(String[] args) {
EvenChecker.test(new SynchronizedEvenProducer());
}

}

IEAL7E IR B IG R E R (A TE A T Nap() 7515, DUEEF currentEvenValue J9&F HURAS
B, ETFXUIEENAgEE . BT ERMERAX —KEILETZNMES, AHXAEE
BRI E ., B— A next() BUESSIKE T 81, MR E RN EEESEE
FEHEEMFIAIREN S, HEIE —MESREME . RN, EESRIESEEEEEFZINS
—MES ., X, —IRABE—MESALUARZEFRPTEIFRREE,

6.4 volatile x§E=¢

volatile A BB 2 Java F &MY, REAWKEFT. EsHE, EIHNEW Java
R, IRSCER ERTDUK B EA XA CRE, FENRRENERERBAZITE, &
IRAZ M EE—IBE R, XRAUERRERBEKRIET, HEXRRBIREE I AER
volatile BFFRITREAERER (HEMERMELZ ).

{5 volatile FEF=MNEHA,

6.4.1 FoH

FHE (word tearing ) HIIAESIRIVEIELRALE B AR (20 Java [ long ] double,
XWEER 64 1), NENEENERESES AR NESBERNRE, JYM RIFEXT 64 (7
BIRE BRSNS 32 SIS 0 ©, XIS T RS REhRALE F T
T EEl:, XHHEMESHMESBRERNER, ZUKREN “Fo587, 2ENKRATEE
SEDBHINER TESTENWE, BRskR, —MESENTRESTEE—SZE. £
THZENREZTE, MWMmiEE— R E (XFTF boolean B int XFEHY/NEERY, X

NZECAIRIER, {H long F double BREM ),

ERE T A EMEFHIRME, ¥ long B double 5E SN volatile 5 &, HJLIFHIEF 45

O #E, X764 (bR FHEASRE, UMASEEXMRE.
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Zl. Rid, wNEAEEA synchronized B AN java.util.concurrent.atomic Z4{R#H T X AT,
volatile {EATLAMEENAL, [FIEE, volatile FoiEiRZE HIERIEH AR —MNREFERIEXNEL,

6.4.2 TR

E-ANABEET Java HENEERWE_SL “—EATRE, —UHREREE" B—
4 (BIARRE 5E54.27 ), DABEEEMESEHEHOHMESR, i BeMMEERE
BEHOHAMER, ZEETLULIGERBETERER, XEFRALGEEAASKEZENE
FHRREEUE T, NEFEFERERRZNNESOEZ.

R B LR E R Java HE R A BEEANE, BENESIE SUMETRAMNE
FiREIE, (BEATHENSE, 7 Java MiZEEIENEERFBIAMMETR, A
ERESTE R XA EE—EM ( cache coherence ) [AIRE,

BASEE T LI E R E P REE BRI AMEIZA, B BE A volatile [Y,
B DUPH I SRR 28 A, BN, TIASWER. —BEEzFREA
£ TERE, FEESTINRERRIEESESD (ZEHRIFER ) Z5HE, 1R volatile
TRSFEETAMERET, CMEVHWEAEE, NZFRIMERRIELSE—EX
EEEFE.

FELUF BRI, RNz SN volatile HY:

1. ZEBRRNEE MES A
2. XEFRFEDE - MREERE;
3. iIXEEAHERRLE (IR Java s, AILERASRTE, DERXIFEZEHIER ).

2B, MRRE—PTEENRIERMESHIRE, ZEELTEDWEEN
volatile ffy ( REX M —MrEHA—EBEFRIEEAELZS ). &N, E—MESKIRE
WA TEBRE, ZENESERERAMAEREEY, MASKFEERE., YHEHMESES
BARER, EEREIXEER, (FREZIA AtonicBoolean RELHIXFEMIIRER, INARFHEE
5% 5.9 TIHHATE, )

— MEST B OSBRI EMESE R ES H SN, EHikinR—1 28
HNETEESNEER, I ZERIRA volatile By,

MERANEEN — VBT T 5, MEMSEAREZREZEE, Bl

O HIEBEE N SRR IRFE AL SR A SR A AT, — &



B volatile Y, EERRN, MRENMERLENENTEHITEERIE, volatile
RETCIERRRIRIIFIRE, AT synchronized SR (EEEZA4etE, (BB MERRIEIIME -
L2 MR ZEEHTERE, RBCINTRLENZEE, BREHRNEER
MESEZEE, NRXLERERSERTNIEE, ESHNSESEE, AR
SRR LRV EREEPTITENNRERZT R, NER—FRHEERERE, B
—F, ERBERSEFEHR, REEN TR TRZABINEMER R (% Java
RGAEEZHIFE, FEANERFREE SRS E RS RMEIIRBESE
), IRZARBEREX—&, H5IABRENREEE,

R MM A#ELE (volatility) HAREHEFAMEES, BHRX—SREE, Wik
volatile ZEE TR FHRIEIF R REMIEZIRIERIFZ T £,

A= RIS Z EFRERIE, BFrlRE N8 synchronized LSk B A HLFT (7
7 (EE R java.util.concurrent.atomic 255 ), HOREAREEE N volatile [,

6.4.3 (18<) EHfFMLTRE

Java ATRES B W IR L HITEHEF R M MIERE, AEERASERBERETN LW
W, A, XEfRNEFFTESENEZEABREENIENSESR, Bk
RBEEIFERF bug, EHE Java 5, X TESHNRITFEN T4 EMIFEMER T %A, JE
volatile REEFEILIBGIENT volatile X EBIEE IS A HT A EMAEHERE, XEEMWEHE
HIFRAZEITEE (happens before ) fFiE.

TEXY volatile LEAVEEGHIEZHIHIAES, FIAEZERERIEZHHIT. F
B, fEfA7E volatile TRANENERIEZBNIES, SRIELRSHRIEZFHIT. Flan:

// lowlevel/ReOrdering.java

public class ReOrdering implements Runnable {
int one, two, three, four, five, six;
volatile int volaTile;
@0verride public void run() {

one = 1;
two = 2;
three = 3;

volaTile = 92;
int x = four;
int y = five;
int z = six;
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one. two Fl three HUNR EHEIET e W EH S, REEIERLETE volatile 5iR(F
>ur. FRE, x, y Rl 2 BAGAESHERF, RECIEKRETE volatile ERIFZE.
volatile HAVE RN ML ( memory barrier ), %ef7&ERIEFHMR T volatile ZE
HIREIE A TIEEN NEME TR ERF .

AT R B — Rk M — MR EA volatile BEHTERIEN, frl
B BRI MR AR BB E A B——fEE volatile B E—HIE R HRIF 2L
7. M—AMRFIRET volatile AFEIVATE, BAILEEIFTAH volatile TR —HEHRIZ]
EHEMASE, AiEdE volatile T, BRAXMEWMEE, BIRT Java 5 ZRIIFR R
f— bug, (EFRCRROZIEIZEYE, B ERBENERRBRMBR T volatile B,
AERAEEANBR A volatile (Y, BERHZLEEMFTARRIBLER A RIARATE.

6.4.4 {IAI{EFT volatile

1E Java MU E R A, B Hi— MR volatile MEMMEIFH RN ESHRER, W
HpEs—F, BT —EXEEE T, (ERMEIRE Java 8 LIEXLE T, A
ERHNE ( BNRREREERNAT ). RENBEEH—MXHENEF, BEERA
BT, XEEESE T JVM BB G, TR RANREERE. 5T —EAREEA
volatile FEAE(EFE KX A MM B A EAENRYE, (volatile AR ) FUIRF RESH RmAL,
SRR MR R L — R EFENES, BRNEEREEEERES

ERAEE SR volatile, BERAEEMEEFE - MEEBBEEERZS, MXAH
SEFE SRS, BT volatile (A BEEE —LERIETS, REWREEAERE
M, TN ERASRIESMERI—H java.util.concurrent . atomic 28, XELREEMLT
=R e, AN XEHRSHFHEIRES

EEEEREMA SN ARD, EAMEREIAT volatile fiTT, FHHKE
R #ay Atomic 258, AEMRREE RIBHIEE X F A& B ERZINER, TNthITAIRERE
1EIsF volatile,

6.5 RFIE

1E Java ZEEEN R, B MELEFRORE: BFREFAFERS.” BF
RIS R RS AT R IRIE, —ERETHA, ERIERZH, PR
ot (A BT SC R, BRI (innate ) FOBRFIE (T HEER LR ESIERINTER
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B ) &REZR, BRER—REEMEFEER, REEHEEFTENRPBERT,
7 REZ R REA R BE RS R E REAEELMEIEENS, MEMANE D EZEH
BETLABEK, BBABEIREEEED FEX MU,

LM (Goetz Test): MBRITUEFHRMMBALIEESS KB LN JVM,
MLBRAEREEZEECETTURFARS, ©

HRFEARTH, FEAEEHEBTLUIEREER java.util.concurrent FEHEE, X
—RIRE M., [BEEBRZIHLHIF RIS D,

BEFSEHTHEARLER (BT long 71 double ISN ) 1Y “TEHEERIE" ., BIRIE T XE
ANEAIAFE (BT long F double LISh ) HIRE#IEZAT4E (JFF ) HY,

B R TR IERSEENE T, SWREFRTUFARX—S, REHATES
RN (lock-free code ), ERMELNL, XBRELEREMLT ., B, HERF
BRIFRUN ZIRE 2, S B AL e, ABIEE AR BRI A RE R KK
i, EtthsiAEERARFREERAZNES. HEBERRELS, XBFERTEILHY
B, MEASGIRISRIRZRE, XEMEEEBREIZ 0, EERAEMGL,

R THAERERS, £EZA%T, FIE (visibility) BHUREFEEEFZHIFA
B, —MESFHES, BEEEME Y EASHFMRIRTFH#E, By EMES
BT ( HLImzE AT Relimi RAEE AL R EEF ), EIRRINESERIHIE
FFIRSEARN, 5—77HE, ELOEBRGET, FEHIHISEFIRMESET#AvERE
BAEFTHEAILN, MREAHTREE, ERANEEEAN, X—m2 A HER.

ERNSRFESFERS ELEFFRE FRIBENEREEREIEER, £ C++ 1,
RIS FEMA MEE, EEEREFH:

it+; /] A Cr+ ¥ THRRT R
i+=2; // f&CH+ P THZ BTk

HETE C++ 1, XEURATRFFMLERR . RIIEM C++ RE HRBURFIHERIES
ARG, BEN C++®H B Java AREFIA —BIIATEFIERL,

£ Java 1, ERBRE—ERREFRIE, WELITFITERERR VM B4R

O BRI — MR “REARRZSEERESR, BMERRX NS ARG R T MEERE.
B, FRETEARAET
©® MAMERIEEAMNRA. FERETIREEZEET.



// lowlevel/NotAtomic.java
// javap -c NotAtomic
// {ExcludeFromGradle}
// {VisuallyInspectOutput}

public class NotAtomic {
int i;
void f1() { i++; }
void f2() { i += 3; }

/* Wi
Compiled from "NotAtomic.java"
public class NotAtomic {

int i;

public NotAtomic();
Code:
0: aload 0
1: invokespecial #1 // Method java/lang/Object."<init>":()V
4: return

void f1();
Code:
0: aload_0
1: dup
2: getfield #2 // Field

5: iconst_1
iadd
7: putfield #2 // Field

o

10: return

void f2();
Code:
0: aload 0
1: dup
2: getfield #2 // Field

5: iconst_3
: iadd
7: putfield #2 // Field

(=)}

10: return

EAELEEER—A “get” (IREL) FI—4 “put” (EA), FiaskiE—LEf
24, FIEIRERIS ABRIERE, B—MESTRRERZFER, FHZREFARE
FHI,



BATH T ERBEARERMREF X MRS EX—MERE, EEFE—4 )5
%, B BATERERERE, REHE run() HEFERAZTE.

// lowlevel/IntTestable.java
import java.util.function.*;

public abstract class
IntTestable implements Runnable, IntSupplier {

abstract void evenIncrement();

@0verride public void run() {

while(true)
evenIncrement();

}

}

IntSupplier &2 —VHH getAsInt() FFiEMIRE = EEO,
WMAETUCEMR T, DU FESHIFEESD un(), RIGIEEE, WETESEEN:

// lowlevel/Atomicity.java
import java.util.concurrent.*;
import onjava.TimedAbort;

public class Atomicity {
public static void test(IntTestable it) {
new TimedAbort(4, "No failures found");
CompletableFuture.runAsync(it);
while(true) {
int val = it.getAsInt();
if(val % 2 !'=0) {
System.out.println("failed with: " + val);
System.exit(0);
}
}
}
}

BNMRA ZE BN AR FERES, [, getAsInt() BLIERLZEMERETIRE:
// lowlevel/UnsafeReturn.java

import java.util.function.*;
import java.util.concurrent.*;

/% Hrd:
failed with: 39
public class UnsafeReturn extends IntTestable { */
private int i = 0;
public int getAsInt() { return i; }
@Override
public synchronized void evenIncrement() {
it+; i++;

}




800/ v . e

public static void main(String[] args) {
Atomicity.test(new UnsafeReturn());
}

}

{HE, Atomicity.test() [EIBRBIIFEMEN SR, B return i FSLRFETHIF,
(ExEAEMERE, XeEBZERENSZOTARENFRRSH RS, o, i
R £ volatile [f, B2 7776 0] ULt (A B, getValue() F evenIncrement () #i. Ji2
synchronized [ (XBERTLIZE i RIFEA volatile BT, MAMRIEHLELZ 2 )

// lowlevel/SafeReturn.java

import java.util.function.*;
import java.util.concurrent.*; /* Bk
No failures found
public class SafeReturn extends IntTestable { */
private int i = 0;

public synchronized int getAsInt() { return i; }

@Override

public synchronized void evenIncrement() {
it; i++;

}

public static void main(String[] args) {
Atomicity.test(new SafeReturn());

}

}

OEHENERERAERBNENEXMBR T#HTRA, BREE, ENH
Brian HFIREIZETEN],

6.5.1 Josh 3=

VERE— AT, BABEEE—EHENE: —MERFVISHE, ZENRBOk
E Joshua Bloch [ Effective Java Programming Language Guide —¥5H1HJ25 190 1T o &
YKEFE nextSerialNumber () EAAUEE—ME—{E:

// lowlevel/SerialNumbers.java

public class SerialNumbers {
private volatile int serialNumber = 0;
public int nextSerialNumber() {
return serialNumber++; // FZ&BZA
}
}

MR HENE C++, HEAT—SHMNKEFAEER, ARSIV BEREF

O] %ﬂﬁ@%%%ﬁiﬁcK%¢Yﬁ§%%%%%$%(W%Meﬁw¢&ﬁw(%3mk—*—%%E



RIZRIRF#IE, EA C++ MEERIEEET LISIIN BAEEEIES ( BRIFREU—
. AIf. BYAHSTRASLIN ). B2, EMRTEATEZIN, Java WEBREFREER
TR, é:J\DU(y&u%H’ﬁ PRIt RIS R AN R B RO HR AR, A R AR RIAIATRE,

XANREIFFEZET volatile, HEATHB CRESEZIEA., RAMEEWREET
nextSerialNumber () J5{E% A BN RIZER N5 R L ZRITI2E,

AT SerialNumbers, FRAIEEIE— M ASFERNGE ( BERIH ) 1Y set, LB
T H R R RS, ALY CircularSet £ T RISREME XL int IR, BEBET
[HE ( EFERIEEEERER, RER EBTLLA java.util. Set SREE{Y )

// lowlevel/CircularSet.java
/] BRT NAE, BRI N FEH
import java.util.*;

public class CircularSet {

private int[] array;

private int size;

private int index = 0;

public CircularSet(int size) {
this.size = size;
array = new int[size];
/7 ¥4 AE SerialNumbers 2 M 8914
Arrays.fill(array, -1);

}

public synchronized void add(int i) {
array[index] = i;
// BEERS, FEBSRGTE:
index = ++index % size;

}

public synchronized boolean contains(int val) {
for(int 1 = 0; i < size; i++)

if(array[i] == val) return true;

return false;

}

}

add() 737AF0 contains() J5{EE synchronized Y, DABGIELFEHS,

SerialNumberChecker & H —NMEB EFH—HEFVIER CircularSet, DN HTIER
CircularSet FFHRX L EHISMHE—H run() F57k:

// lowlevel/SerialNumberChecker.java
// MiX SerialNumbers %49 LA2 %4 M
import java.util.concurrent.*;
import onjava.Nap;
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public class SerialNumberChecker implements Runnable {
private CircularSet serials = new CircularSet(1000);
private SerialNumbers producer;
public SerialNumberChecker(SerialNumbers producer) {
this.producer = producer;
}
@override public void run() {
while(true) {
int serial = producer.nextSerialNumber();
if(serials.contains(serial)) {
System.out.println("Duplicate: " + serial);
System.exit(0);
}
serials.add(serial);
}
}

static void test(SerialNumbers producer) {
for(int i = 0; i < 10; i++)
CompletableFuture. runAsync(
new SerialNumberChecker(producer));
new Nap(4, "No duplicates detected");
}
}

test() 77 IEBIEE T % /> SerialNumberChecker F 45 3 4 3¥ — /> SerialNumbers PO
SerialNumberChecker (ESHE L —MEENFIIE (ZSBEESZNR EXER ).

MR EL AR A SerialNumbers 2R, B1TRM:

// lowlevel/SerialNumberTest.java
/% Hr
. . Duplicate: 33280
public class SerialNumberTest { Duplicate: 33278
public static void main(String[] args) { Duplicate: 33290
SerialNumberChecker.test(new SerialNumbers()); Duplicate: 33277
} */
}

volatile fEXX EFEAKATHIVER , EMRUUXNRE, BFEE nextSerialNumber () BN
synchronized Je§

/{ lowlevel/SynchronizedSerialNumbers.java

public class

SynchronizedSerialNumbers extends SerialNumbers { /* jﬁ&Y‘ d ted
private int serialNumber = 0; 53 uplicates detecte

@override
public synchronized int nextSerialNumber() {
return serialNumber++;

}

public static void main(String[] args) {




SerialNumberChecker.test(
new SynchronizedSerialNumbers());
}
}

NEFEE volatile T, [AA synchronized JEgEFFA{RSCIN T volatile (94T A,

X R AR KRB ERIIR ER E R 2R B2 R FH#E, (B2 UnsafeReturn java 1
iR, RIRTREBRLGTAREFRRSHNRDARE S, EXHNBIZAE, LE
ERREZ, RNGRER, &&HEMERRZEE Brian EZEEN (F BRI
iE, BhAMARLETE ),

6.5.2 [RF=R

Java 5 5| A TR R FAS &2, @0 AtomicInteger, AtomiclLong. AtomicReference
&, XERER/RTRERTFEWETRES, £OFHTIHAAEENEERN RS, ST T %R
H, TBRIRE,

AILLFE AtomicInteger E2'S UnsafeReturn.java :

// lowlevel/AtomicIntegerTest.java
import java.util.concurrent.*;

import java.util.concurrent.atomic.*;
import java.util.*;

import onjava.*;

public class AtomicIntegerTest extends IntTestable {

private AtomicInteger i = new AtomicInteger(0); N

public int getAsInt() { return i.get(); } /% dihk
@Override No failures found
public void evenIncrement() { i.addAndGet(2); } */

public static void main(String[] args) {
Atomicity.test(new AtomicIntegerTest());
}
}

I E B AtomicInteger, ZEf&T synchronized g,

PIFEE LIE'S SynchronizedEvenProducer.java LL{# /A AtomicInteger T :

// lowlevel/AtomicEvenProducer.jav
/1 BRFE: ABRT VLT ARG T A 1ER
import java.util.concurrent.atomic.*;

public class AtomicEvenProducer extends IntGenerator {
private AtomicInteger currentEvenValue =
new AtomicInteger(0);
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@override public int next() {

return currentEvenValue.addAndGet(2);

public static void main(String[] args) { No odd numbers discovered
EvenChecker.test(new AtomicEvenProducer()); */

}

}
BT AtomicInteger, F—IKERT A HARRHFEE,
THEE(HEH T AtomicInteger HJ SerialNumbers SEHI:

// lowlevel/AtomicSerialNumbers.java
import java.util.concurrent.atomic.*;

. /¥ ik
public class
AtomicSerialNumbers extends SerialNumbers { 23 duplicates detected

private AtomicInteger serialNumber =
new AtomicInteger();

@override public int nextSerialNumber() {
return serialNumber.getAndIncrement();

}
public static void main(String[] args) {
SerialNumberChecker.test(
new AtomicSerialNumbers());

SELEE QS AR E BT, EAEEERIEN, BAERNETREE
SREY, fEEREERT, TRSRTEEE/E LM synchronized XEEF

6.6 IEFHEX

BE, ®RITEEER S ANSERN R EDRESRE, A2 (BERYT
) AT, ERENABRERAIGRRX (crtical section ), & Rt ELFHRRE

FIHELAFTIERY synchronized ST R OIEERY, {E@ﬁﬁﬁ’\ﬁ%‘&‘ﬂﬁ Itb4L, synchronized A
FHEEEANWE, ZNRIEFE T S AR F T RS

synchronized(syncObject) {

// KAL) — B A R A AR — AME S )

}

SRR SIS ( synchronized block ), RAZR4EIKTE syncObject HIBH, ZTBEHEA
XEBRAE, TREMEMESESEE T, R 1B ES RS 7 BB AZIE R X
ANER A T XRE, R ERE SRS R JEE R T AR E PR TR



W, ANERBRERL, NISMEREIZ(TSS .

{5 synchronized 5t ( I NEXNEANTIEEHITRE ) WEEBRRIEFERE (AR
BRANTERENEE—EREESAHENERT, MREEEREE ), FTENR
BIER T I REBER ( FIRREANTTIE ) TR AT 771539 T E A4S T
[FIME (R AAIRRES] ). 2R BlEG i BRIhY5A] method() J5IERIKER, FHBSIEE =%

LU ELJE A method () RYMESS -

// lowlevel/SynchronizedComparison.java

/] ERARF R mRRR Y F ik, TR FEE
import java.util.*;

import java.util.stream.*;

import java.util.concurrent.*;

import java.util.concurrent.atomic.*;

import onjava.Nap;

abstract class Guarded {
AtomiclLong callCount = new AtomicLong();
public abstract void method();
@Override public String toString() {
return getClass().getSimpleName() +
": " + callCount.get();
b
}

class SynchronizedMethod extends Guarded {
@Override public synchronized void method() {
new Nap(0.01);
callCount.incrementAndGet();
}
}

class CriticalSection extends Guarded {
@override public void method() {
new Nap(0.01);
synchronized(this) {
callCount.incrementAndGet();
}
}
}

class Caller implements Runnable {
private Guarded g;
Caller(Guarded g) { this.g = g; }
private AtomiclLong successfulCalls =
new AtomiclLong();
private AtomicBoolean stop =
new AtomicBoolean(false);
@Override public void run() {
new Timer().schedule(new TimerTask() {

305

RRFR

/* .

-> 159

-> 159

-> 159

-> 159
CriticalSection: 636
-> 65

-> 21

-> 11

-> 68
SynchronizedMethod: 165
*/
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public void run() { stop.set(true); }

}, 2500);
while(!stop.get()) {
g.method();
successfulCalls.getAndIncrement();
}

System.out.printin(
".> " + successfulCalls.get());
}
}

public class SynchronizedComparison {
static void test(Guarded g) {
List<CompletableFuture<Void>> callers =
Stream.of(
new Caller(g),
new Caller(g),
new Caller(g),
new Caller(g))
.map (CompletableFuture: : runAsync)
.collect(Collectors.tolList());
callers.forEach(CompletableFuture::join);
System.out.println(g);
}
public static void main(String[] args) {
test(new CriticalSection());
test(new SynchronizedMethod());
}
}

Guarded 7£ callCount FRERERIE R AL THiE A method() F51EHIYR SN, SynchronizedMethod
SELAS method() FFIEREHT 7%, M CriticalSection {XF synchronized EEZ A E=5S)
FPEM—ERA T T RIS, XRE, IEFERIAIFY Nap () 75 3ERA] DISAERRTE synchronized
pxElHusoh, WEIHIET B ], CriticalSection FHFY method() ORI SMIMEEREZ .

B, @ synchronized EEIBBAE X : BB RIKUIFHELS B E EHI RINBHITE
synchronized fRASHIFEEZ2H.

Caller {E5% s B 7R 44 S HO AN 1A BE N R T B2 25 YA A method () ( FFATRIARIREL ). A
TR, BRAVEAT java.util.Tiner, ERE AR, EIREERIREFHIIEM.
T TimerTask 4K, TimerTask FF R 2 MM, B R ATFCEE B lambda $25K
=, HeEERMOIEZE (AGIRERTBERNEZ ). TERS R B A5 RS, TimerTask R
AtomicBoolean stop FEAEIEAN true, MTTIEHITEIR,

test() 7FIE 2 Guarded 24, FFAIET 4 4 Caller {£5, BE AR R —
Guarded WEaHT, XEET T34 3KEX method () EEFRHISL.
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BHERY, SIRNEBITERE LXREAER. MEERTTLIEH, CriticalSection Hf
method () J3 AR AT 5 [RIE B izt % T SynchronizedMethod H1ff method() 53, XIEHE
REEH synchronized ISR A E XN AT BT RIS R A—FE 2T S 50
FZ 5 R ( RERERIEZ 2T ),

6.6.1 AHEMXYS E#HTREE

synchronized #= | RAMER AN L f7AE. BEESEAEMNREMR LB
synchronized(this) M EIXT &, X2 Z BRI CriticalSection fr 3% FHHI 75
o BEXFITI, 7E3KE synchronized ZHIRIV SIS, [EICHEVEFH R — W SR Eih
synchronized SEMIEFRIX T . Hitb, 7F this FFHTREESIN, G XEEREE/DE
HAHIRTEE .

B DRERS— DN EHTRE, (HUREXAM, SRS IETE R ESE
BER—IMNR EHTEE, FTEXREERT — NN RANITEE RS #HTR
B, FMESERIIEAZN &R,

// lowlevel/SyncOnObject.java

/] EFH—AIFEERITR Y
import java.util.*; /* Hrd
import java.util.stream.*; f() o
import java.util.concurrent.*; g() ©
import onjava.Nap; g() 1
g() 2
class DualSynch { g() 3
ConcurrentLinkedQueue<String> trace = g() 4
new ConcurrentLinkedQueue<>(); f() 1
public synchronized void f(boolean nap) { () 2
for(int i = 0; i < 5; i++) { f() 3
trace.add(String.format("f() " + i)); () 4
if(nap) new Nap(0.01); HAAK
} f() 0
} g() o
private Object syncObject = new Object(); ()1
public void g(boolean nap) { () 2
synchronized(syncObject) { () 3
for(int i = 0; i < 5; i++) { () 4
trace.add(String.format("g() " + 1)); g() 1
if(nap) new Nap(0.01); g() 2
} g() 3
} g() 4
} */
) .

public class SyncOnObject {
static void test(boolean fNap, boolean gNap) {
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DualSynch ds = new DualSynch();
List<CompletableFuture<Void>> cfs =
Arrays.stream(new Runnable[] {
() -> ds.f(fNap), () -> ds.g(gNap) })
.map (CompletableFuture: : runAsync)
.collect(Collectors.toList());
cfs.forEach(CompletableFuture::join);
ds.trace.forEach(System.out::println);
}
public static void main(String[] args) {
test(true, false);
System.out.println("****");
test(false, true);
}
}

Dualsync. £() (BT XTEATTEEHFTRLE ) 7E this E3HT T REEH, a0 MIEEM
T1E syncObject b #HFEISEY synchronized £, UL, P MRS EHIEME LAY,
7E test() o, BITETFASBIEA £O Fl g IS AESIER TIX— s, fNap Fl gap #5735
SRRETRTIE £O 9O, B— MROZIEE for fEFAHIEM Nap(), 28I, 7E £0) BEAR
(nap) B, TURIKEHEHE B LM, ERTLBERXFRELEN () FIEM, R,

6.6.2 EAEI Lock WK

java.util.concurrent FEFEML T B E FALE, EMTE java.util.concurrent.locks
o, Lock W MAUE L AIE .. ML R Mme:, FILEHEERLANER synchronized
LEERE, ASCUEMRELERMPABANERE. TEAEZXN Lock B B

SynchronizedEvenProducer.java :

// lowlevel/MutexEvenProducer.java
/] RERBGIEERFR

import java.util.concurrent.locks.*;
import onjava.Nap;

public class MutexEvenProducer extends IntGenerator {
private int currentEvenValue = 0;
private Lock lock = new ReentrantlLock();
@0override public int next() {

lock.lock();

try {
++currentEvenValue;
new Nap(0.01); // TR EHibFH KM
++currentEvenValue;
return currentEvenValue;
} finally {
lock.unlock();
}

}
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public static void main(String[] args) {
EvenChecker.test(new MutexEvenProducer());
}
}
/*
No odd numbers discovered
*/

MutexEvenProducer HH &N T —N4&4H lock I E 81, FE7E next() HHi@1d lock()
unlock() HIEGIE T —MEFR X, 7EH R Lock X RURS R, EEEAEXMERSR: 7
VA lock() J5, WAZRME — try-finally JBEa), FF7E finally FAJFiEF unlock()—
XM RIE — ES WIS E. ER, return BEIMFURAE try FaF, ISR
unlock() AEHATERE, BEEBEMIERESL T —MES.

S 4X try-finally U synchronized XBFFIFEMWREEEZ, HHEINTER
Lock X RBJ— L s, WISRTEMFFH synchronized X FERTHIL T (AR, Eadibd &
®, HEFEENSHITEMEEERE, DEASGEREEEPRS, MOREHER
Lock X%z, ERTLLA finally F-EJsR4EH

JERSRSE, FEMEF synchronized WATE, EEMRILAE LD, AR AFEREED
MRS RRER, BRI EEERIUSIRABIREA EHA B Lock W&, Fin,
£ synchronized JXBEF R, IRFIIEFETFIGZEIREGG, (WEREBEIREBULID ) #z%
EIHFE, BFEEF—BREE (DREEREERD ) EERE —EBXEM, Mg
{5 concurrent [ :

// lowlevel/AttemptLocking.java

/7 FE T8 Lock SR T AR F £ 3K 3R TRAN
import java.util.concurrent.*;
import java.util.concurrent.locks.*;
import onjava.Nap;

public class AttemptLocking {
private ReentrantLock lock = new ReentrantLock();
public void untimed() {
boolean captured = lock.tryLock();
try {
System.out.printin("tryLock(): " + captured);
} finally {
if(captured)
lock.unlock();
}
}
public void timed() {
boolean captured = false;

try {
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captured = lock.tryLock(2, TimeUnit.SECONDS);
} catch(InterruptedException e) {
throw new RuntimeException(e);
}
try {
System.out.println(
“tryLock(2, TimeUnit.SECONDS): " + captured);
} finally {
if(captured)
lock.unlock()
}

}
public static void main(String[] args) {
final AttemptLocking al = new AttemptLocking();

al.untimed();

al.timed(); // True HRAA TR

// BREAEFE ZAMESRERH VAR ¥-B

CompletableFuture.runAsync( () -> { tryLock(): true
al.lock.lock(); tryLock(2, TimeUnit.SECONDS): true
System.out.println("acquired"); acquired

1 tryLock(): false

new Nap(0.1); // #H=AMEHF—Aha tryLock(2, TimeUnit.SECONDS): false

al.untimed(); // False—4=4-3#F 7 4t */

al.timed(); // False—HE4HEFT4H

¥
}

ReentrantLock A LI IRIKENS, REMHFE, FURHEMAEEREE T, RKEA
DLk EEmEMEMES, mAZ8 untined() ﬁ?ﬁ¢%ﬁﬁ*ﬁ%§ﬂ%ﬁ%¥ﬁﬁo 7E timed()
o, SeEnEiRERE, SRISEILIE 2 BPEMEE (LR TimeUnit 2485E T 8L ), 7E main() HH
DUE 2261975 2018 T —ANJHSZHY Thread, BE3KEX T 8i, UL untimed() Al timed() 75 1%
BT HUZESHINR,

K T INEEIY synchronized 8, Tt Lock XS E ML T B N 4HARL B BN B R RE L B HY
e XN TS RS EWIERAE R, Bz ER (hand-over-hand locking ) [
FRONEHEE (lock coupling) 1, AT TBEERTI M——HUTIEH I RID LIS T —
AT AR, REA BRI R HIBL,

6.7 FEAEH

java.util.concurrent PERE(EL T AR FI TS A IMAINZS, AILIERBNRSCOUE R, B
AR, AEEER, FEHIFFIPREL ConpletableFuture, XU T AJRTHERERIWIH.

A AT — B R T RAAEIRE, RENTES (lock-free ) FERTBITHLHITE
((S73N
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6.7.1 FEIRBAFI DelayQueue

XE—MEHSCILT Delayed £2 YN &R 4H A HIJC i 5] BlockingQueue ( FEZERAS ), —
MR RAEFEEENAZIHE 7 BEMBAFIFREH . B\FIREFH, EIHSLE SR
AR, SRR EEREIRAE, AASLE =GN T AEE, RS poll() £R[E
null ( FEHAEERE null BLABAE ),

THEX N RFIF, Delayed X R H B Z(FS, M DelayedTaskConsumer ¥y “IE&”
HIES (BT B SRR AIES ) MBAFIAE 57T, FE, B2 DelayQueue £ 115G
S NI R

// lowlevel/DelayQueueDemo.java

import java.util.*;

import java.util.stream.*;

import java.util.concurrent.*;

import static java.util.concurrent.TimeUnit.*;

class DelayedTask implements Runnable, Delayed {

private static int counter = 0;

private final int id = counter++;

private final int delta;

private final long trigger;

protected static List<DelayedTask> sequence =
new ArraylList<>();

DelayedTask(int delayInMilliseconds) {
delta = delayInMilliseconds;
trigger = System.nanoTime() +

NANOSECONDS. convert(delta, MILLISECONDS);
sequence.add(this);

}

@Override public long getDelay(TimeUnit unit) {
return unit.convert(

trigger - System.nanoTime(), NANOSECONDS);

}

@0verride public int compareTo(Delayed arg) {
DelayedTask that = (DelayedTask)arg;
if(trigger < that.trigger) return -1;
if(trigger > that.trigger) return 1;
return 0;

}

@0verride public void run() {
System.out.print(this + " ");

}
@Override public String toString() {
return
String.format("[%d] Task %d", delta, id);
}

public String summary() {
return String.format("(%d:%d)", id, delta);
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}
public static class EndTask extends DelayedTask {

EndTask(int delay) { super(delay); }
@verride public void run() {
sequence. forEach(dt ->
System.out.println(dt.summary()));
}
}
}

public class DelayQueueDemo {
public static void
main(String[] args) throws Exception {
DelayQueue<DelayedTask> tasks =
Stream.concat( // MAULER:
new Random(47).ints(20, 0, 4000)
.mapToObj (DelayedTask: :new),
/] ¥ E S
Stream.of (new DelayedTask.EndTask(4600)))
.collect(Collectors
.toCollection(DelayQueue: :new));
while(tasks.size() > 0)
tasks.take().run();

} /% Hrid

[3278] Task 16 (0:4000)
(1:1258)

(2:555)

(3:693)

(4:1861)

(5:961)

(6:429)

(7:2868)

(8:2200)

(9:2522)

(10:2207)
(11:2288)
(12:128)

(13:551)

(14:2589)
(15:809)

(16:3278)
(17:1998)
(18:2861)
(19:1520)
(20:1258)

[128] Task 12 [429] Task 6 [555] Task 2 [551] Task 13
[693] Task 3 [809] Task 15 [961] Task 5 [1258] Task 1
[1258] Task 20 [1520] Task 19 [1861] Task 4 [1998] Task
17 [2200] Task 8 [2207] Task 10 [2288] Task 11 [2522]
Task 9 [2589] Task 14 [2861] Task 18 [2868] Task 7
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DelayedTask & — NHRA sequence HY List<DelayedTask>, B4E47 T 6l 8 {E 5 19 IR
F, AhBITRIUERZHEFRSIAE T,

Delayed #EITHE —/NJ7ik getDelay(), BRI TILRNATRAEZ A, SIERMNEIE
ST LA, ZITIEREIFRANISIER TineUnit 28, FASBEKAIE Va2, XA
FAERIH, EAFIH TR S U AL, 22015k, delta FUERGENZD,
{B/Z System.nanoTime() A= AT, BWILIEE delta ERY Y BT EIHIARERE WAL RY B ix
BAGL, FEATLUEMEIE T, #hEaxEt:

NANOSECONDS . convert(delta, MILLISECONDS);

7 getDelay() /1, K BFREALIEN unit 2HUEATTIE, (RILUERZSH, #EE
ARTEERM AMRRAAIERT, AT LUK iA RS R IR 2 o V8 R & Fris kR B 6
(XEANREER IR RG], FEIEN— A TERNSEEN, WREA T RIS ).

T HEFF, Delayed £ [[FIF£ 4% & T Comparable #2 [, 44 Z0SL I compareTo() 5%,
XA AL IS TERHEE T .

MEHATLIE Y, ES0ERIE S RTIRFRE EMEm, R, 5 EBHHEILL
HERHIIGFHA4T T o

6.7.2 {5595 BEZERA Y PriorityBlockingQueue

XEAR FRE—FhEE I EER(ERI LA AS . FEAY MBI Prioritized $8E T
AR EE, —2E Producer (55 HYSLHIHF Prioritized X4 A PriorityBlockingQueue,
AIEB/ABREZRIATHENEER. )5, B4 Consumer (ESFEHLT take() BT £
SIH L N%IT, PriorityBlockingQueue MIEIAY BB &= 540 Prioritized W& &

Be.

Prioritized HH[Y static counter /2 AtomicInteger 25!, X EMNER, EANREIEZ
™ Producer 7TEH171517, WIRAEF AtomicInteger, MEAFEEERN id HE, X4 A8
EARPE S5 F5.12 TTHNEE,

// lowlevel/PriorityBlockingQueueDemo.java
import java.util.*;

import java.util.stream.*;

import java.util.concurrent.*;

import java.util.concurrent.atomic.*;
import onjava.Nap;



class Prioritized implements Comparable<Prioritized> {
private static AtomicInteger counter =
new AtomicInteger();
private final int id = counter.getAndIncrement();
private final int priority;
private static List<Prioritized> sequence =
new CopyOnWriteArraylList<>();
Prioritized(int priority) {
this.priority = priority;
sequence.add(this);
}
@verride public int compareTo(Prioritized arg) {
return priority < arg.priority ? 1 :
(priority > arg.priority ? -1 : 0);
}
@0override public String toString() {
return String.format(
"[%d] Prioritized %d", priority, id);
}
public void displaySequence() {
int count = 0;
for(Prioritized pt : sequence) {
System.out.printf("(%d:%d)", pt.id, pt.priority);
if(++count % 5 == 0)
System.out.println();
}
}
public static class EndSentinel extends Prioritized {
EndSentinel() { super(-1); }
}
}

class Producer implements Runnable {
private static AtomicInteger seed =
new AtomicInteger(47);
private SplittableRandom rand =
new SplittableRandom(seed.getAndAdd(lO));
private Queue<Prioritized> queue;
Producer(Queue<Prioritized> q) {
queue = q;
}
@override public void run() {
rand.ints(10, 0, 20)
.mapToObj (Prioritized: :new)
.peek(p -> new Nap(rand.nextDouble() / 10))
.forEach(p -> queue.add(p));
queue.add(new Prioritized.EndSentinel());
}
}

class Consumer implements Runnable {
private PriorityBlockingQueue<Prioritized> q;
private SplittableRandom rand =
new SplittableRandom(47);



Consumer (PriorityBlockingQueue<Prioritized> q) {
this.q = q;
}
@override public void run() {
while(true) {
try {
Prioritized pt = q.take();
System.out.println(pt);
if(pt instanceof Prioritized.EndSentinel) {
pt.displaySequence();
break;
}
new Nap(rand.nextDouble() / 10);
} catch(InterruptedException e) {
throw new RuntimeException(e);
}
}
}
}

public class PriorityBlockingQueueDemo {
public static void main(String[] args) {
PriorityBlockingQueue<Prioritized> queue =
new PriorityBlockingQueue<>();
CompletableFuture.runAsync(new Producer(queue));
CompletableFuture. runAsync(new Producer(queue));
CompletableFuture. runAsync(new Producer(queue));
CompletableFuture. runAsync(new Consumer(queue))
Jjoin();

/% il [8] Prioritized 25
[15] Prioritized 1 [8] Prioritized 11
[17] Prioritized 0 [8] Prioritized 10
[17] Prioritized 5 [6] Prioritized 31
[16] Prioritized 6 [3] Prioritized 7

[14] Prioritized 9 [2] Prioritized 20
[12] Prioritized 2 [1] Prioritized 3

[11] Prioritized 4 [0] Prioritized 19

[11] Prioritized 12 [0] Prioritized 8

[13] Prioritized 13 [0] Prioritized 14

[12] Prioritized 16 [0] Prioritized 21

[14] Prioritized 17 [-1] Prioritized 28

[15] Prioritized 23 (0:17)(1:15)(2:12)(3:1) (4:11)

[18] Prioritized 26 (5:17)(6:16) (7:3)(8:0) (9:14)

[16] Prioritized 29 (10:8) (11:8)(12:11)(13:13)(14:0)
[12] Prioritized 18 (15:10)(16:12)(17:14)(18:12)(19:0)
[11] Prioritized 30 (20:2)(21:0)(22:10)(23:15) (24:11)
[11] Prioritized 24 (25:8)(26:18) (27:-1)(28:-1)(29:16)
[10] Prioritized 15 (30:11)(31:6)(32:-1)

[10] Prioritized 22 */

(#a1)
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] E— Al —EE, List sequence ¥ T Prioritized SYZRAIBIEINT, PRERSISHIGS
HIET IR BT ELES . EndSentinel B—FRRFRRkEE, B4R Consumer BT,

Producer i AtomicInteger & 3y SplittableRandom #2 fft i ¥ (seed ), XA [H Y
mquﬁﬂuéﬁKﬁ%ﬁﬂoEﬁ%%Hme%ﬁﬁ@@%,%uﬁﬁﬁﬁg,é
NS R A REEL 2T .

Producer I Consumer i1 PriorityBlockingQueue FE LR, H T BAFIAIPE 2
AR T A LENR S, FFLUEER, X B R EEE R ROESEE ~H
2 B BOZ B IN BT FEE & A TR, BB TE S T A R s BE 2R 15
B,

6.7.3 THESE

HAA S 10 SR ESENEMGE T BT THE, XEPRaEtE. Bk, B
R824 (47 Vector F Hashtable ) 1R % 773 FIEI T synchronized L, 7EIFZ LAz
Bt AHE, KB T AT ESIY. 7 Java 129, HNEGEEEREIR
4, Collections K H¥R NN T £ RiABH static synchronized W75, N ARNES
HKEHT B, XBRE—TIEGHE, FHATRYSEAERFSEEN, BT
swmmmmm%i,ﬁ%@%ﬁﬁoﬁm5%ﬁ7%ﬂﬁ%%%%&§éﬁ%%%$
&, ER—ERIGHER T HE,

T A E AR SATUERBINFERNETER, RERBUTRERLE
S EERE R, KRBTSRI, AT TRENSIINE, #TRERHES
HITLAERNE

1. SHIRE

FIE “Es” SN, EREET S BIREEN— N RHEIA LHTH (REANRE
ABCEREIEIA ), BRIAEERESEPRTR., REEERERE, EBURREHA
SpeE X7 BUREWHTRNE, RFEEUTREEREIEN.

1E CopyOnWriteArraylist B, B#RIEEEHIENRERA. RO 4E o BE AR SR,
AT LR S B AR A O PRI A 22 2 MR (JRIAEER ). IEXGERUR LB ETFRIERE
SRR oS, B SR BRI B BIFTHI (5 2. CopyOniriteArraylist H—"
HFRNE, ERETESMEREBRT RIEWRFIRNEIH ST, B AR TR S R FB R AR
B4 RIS A EX R R .
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CopyOnWriteArraySet F CopyOnWriteArrayList SCEL T HEHTLBUTH .

ConcurrentHashMap F ConcurrentlLinkedQueue { R LI B it A1 B iRlE, H
NEBEATARENESHT TERNNER., A, IR NSEZNEARTEAN
&, ConcurrentHashMap R<#ilH} ConcurrentModificationException,

2. CAS 1B{E

ELL B AR ( Compare-And-Swap, CAS ) e, RMINEREHE—ME, FaE
EHENRNSEAERGE. REET CAS 84, BEBEMSHNETEHRTTH
B, MEREFAEEE, WEHNESICARNITESR, DI EEREEER N R T ERIE
. IRFEBENLREIN T, BfHIrasE, HAXERES - MERECEF IR
BT INF, EXIELT, RIRBAMER, SEENERAEHESD EE,

WMRANFRFARZRTE, 4 CAS BEEAR ETFE, HeIEFHR, Hk,
synchronized #R{FEFRENFEIRS BRI, XMSBOHHERSEL, mEETU
AL, BEENFRFERHZ, CAS RIEFRLZE, WA BIEMEMER, HXEXN
BRI RS —FIshASIAL, CAS BRIERIHE —FR IR T Ik

CAS BIERFHIHITET , RETNRMHEBERCHES HHA CAS 54, i JVM
By CAS #fE (40 Atomic ZEHPHUABLEEHERME ) FIH T XL, CAS 54 REMFRIIE TR
8, PUTXREHIERIE AN IREAZERIAB AR

6.8 B4

AREFEEANTIMREBZREHFZRBINE, BEBNEE—EN TR, X
ZEIRIR TR BT, Ei, REEM (Java FHERESLE ) FFHAT, EEE
HF, ZPEMEERMN Java REFFENTUEITFE, MRREEHTE, ALARKTE
IETERZIRTEAL ( Dunning-Kruger Effect, —FAFIRZE, “IREESHD, IEHDW
BERMARELC”) B, ENZISE, IENESEIFEIMDIEELEREES
HENHSEEHEWRMGE (i, AlLIEE Thread KRB L /DFEWIER T,
volatile % Java 5 7 BEIEH TIE ).

NHEFERETEEREISE,
1 AEMERAFE, BOESBINTTIERERFBTEERER.
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2. MEBMFERIR, MERASE s EFERSINEFNERTE—H TR
CompletableFuture,

3. AEEAZSALEZTE, EAMNAEESRERENERENZED java.util.
concurrent FEHRYF R HIRE R,

4, AR =Ar 8, B4 java.util.concurrent.atomic 8%, EEANEMATLL
B REER S5 R X L RS B 9 5 R R synchronized, RIEARFE RN —TIEE EEZ]
(faschrfRE ) HkEH. BN, HERHE 3 BHITEE,

5. WNEREE 4 A RS R E KE, AR volatile ERE M TIsRIAEE, (BN
BRYREEREAS, FENNRELHIF T 2R ENES, RESEBETHDK
BEOVEE, [EZIEE 1200,

WY FH java.util.concurrent FERYAE R AT LIS HIF A TEFE, Mifi 78 2B Rk
volatile #] synchronized, 7£Z, 7EAE 5 EMNREIF, BRESREEHEIX—KT .
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7.1 1O

Java 7 INT —MERBMA T EREE G RERE
RIER. KSHEE, BEMES 17 EPHBERERSIHRIS
ELEBNHIHEREKRT . ERNRIFBEMRRELISHT
k. HITRERIE, RELBHERE, BANFEZEBELR
ENAE.

S FESEIERR, GREHMFHEA / FE (input/
output, 1/0) REEE—TUEN BXERIES . WSTFHARISLILTT
B E 2 @A DA X — S, HEFRRIPE PR T a0
% ERIFFENAIREME, XAE R /0 BIREZ R EHISRIEAM
EAb (STHE, BHE . MEERE, %), MARENFELL
REfAR (IRFEZEL. FEVSE ., 2, F/RF . BT
HFIRE, §%) MIXEREFTE.,
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Java FEMYIE T E B G R BRI SRBIUX AN A, L L Java 1/0 RGEH AL
LR B AEmMAER, BERERAIZER. ET Unicode 1Y 1/0 BN AR K M ZE 1189
ZE, Java 1.0 G 1/0 Bt R4 T E RN, NTEFMEEMIIEE, 5T nioZk
(new 1/O, ENHT /O, Java 1.4 SIS EGRTERAMEZIK), XEEEEARZ 73T
R,

BRI, TE(RESHESR Java /0 FEEFFREIEMIZA /T, AHESZMRTES>]. HiR
/0 FERE N IR RIRER A, HERET, MR HERA, RERMESEEFE
—teFE, FHEENERMANZAE., MRz,

GBS0 EEESERRIMER, BESEERFRSRSEERTEN—1ES
A BRSO Fr BRRE DRI &R

{R—EZIEMR, Java 8 REEURABARAIZEM /0 RZ BFTXRER . XEH B2 —MEIE,
IR T RBIENTUER—IR, HNEESLBARHARE.

1/0 FrBEsL T SLFRAY 1/0 & e FERBHH T4,

1. A TR AR B HIEE.
2. FRIRA AT REEE., ©a BN A TR R R E i,
3. B IXFRIEF T HRE, B D TR A AP HOREL, R TR ARSI .

M JIDK TR R A S AT LB H, Java BE¥ 1/0 ABC IR 4 B T B A R Sy HY
W2, 7€ Java 1.0 7, EERETHENTEEELE A i AMEICHI2EEF 4k K H InputStream,
i B 8 A HE AE S< O S B 4R 2% B OutputStream, M InputStream 2R Ef Reader 28R4 HIHY
Fr B 2R EEBRITIE read(), FHFNFTHAFTZERENFITRF A, FE, K
OutputStream Z5EE Writer 28R4 IV B B E S AR ITIE write(), ATEABRNFETIE
FHH, AT EERASERXESE, BMINEEREN THEMEER —X®HE
fhZR4R Mt T EE O,

RIRD B AN ROIERN SR, —RSEE MRS BERAE— 2 AT RERITIRE
(X{EEEMESITER ), EH—MRBEEUESZ ISR, XIEL Java 1.0 1/0 ERS
IE AR FEEREA,

BB AR BN X KM — N ER LR, ([EhAEIREEET JDK S EE A
R4, BlanFEANRERNTGESIZR,
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InputStream FFZRAPEE MARRENREA B A RIS, TTREHIEE LR LN,

AR,
2 FRFENER,
3. X,

. “EBE” (pipe), HfrilHlEtemEE s

@B’ﬂjj—mu”jﬂéo
5. HAb
6. EME, FlansMEBmIssERs,

A e FERE — oy InputStream 725,
Z (BT NmATRENE

B —F InputStream 2871 TR “IEifFEe”

ARHIFE, XA DLR X B

EHEEANR .

—FE: VRN, RAEESNE

Ee 7-1 Foc. 534N, FilterInputStream

EEEARRED )

R TELE, HESXWI#HTIE,
= 741
% I BE GRS EREE

ByteArray- InputStream FEREFEPHERXATLZEY  AFERHFERX EA—RhERIR : B g HE
InputStream FEFEE FilterInputStream X

SO EUE RO
StringBuffer- InputStream  KFRFERFLHN InputStream  —ANFRFE, RESLIISIFE (EN—FEUEE: B E
FAMY2 StringBuffer FEFES FilterInputStream X

SRR HE D
FileInputStream ATFA—ASC - RisEE B —AMATRARFLE File (EA—FEHRER: EEER
XF %, 745 FileDescriptor ¥E#£%| FilterInputStream X

WG F R SORIRHLE FARED
PipedInputStream FATFAERKRS AR X RH PipedOutputStream EN—TZELEEERY

PipedOutputStream H1 [ % 42,
BT “EEER S

WAL ERY InputStream 5

Sequence- InputStream

A~ InputStream X %, &f

R IE . i HE R
FilterInputStream X £ 32 f2
BB RO

TERN—FhERE: B EH

BN InputStream — AEJN InputStream ¥f % #EHEF( FilterInputStream i
P29 Enumeration SR RO
FilterInputStream ERSEImEEORORRE, & SWE7-3 2R 7-3
1 2% Sl E At InputStream
KR EANIIE. 20
+x7-3
7.1.2 £ OutputStream 57U
ﬁ—%ﬁﬂﬂ@?&ﬁﬁ??ﬂ%’ﬁﬁﬁ’ﬁ%ﬁ: REEFTEHE (BEREEFRE——REEM

FIMACEFRE ), X, T “BH,
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546, FilterOutputStreamy “Effige” 26 ( AT ABHMmEINEESAE BAvED )
ROt TESE, WK 7-2 Por. MEESX TS,

x® 72
S I BE SRR S fERAE
ByteArray- ERGANE—REMRK, I8 ZBHEPERN, Nk FTieE @ Bt B
OutputStream BEBRPISEESHREZE S H i # B FilterOutputStream Xf
X SORIBME ARED
FileOutputStream BETRAXHEEER FATFERI4E File st FETEEHEN BN BIK
%, & 75 FileDescriptor X i # & FilterOutputStream F
SR FRF R SRR ARED
PipedOutputStream HEPE AEA(E SEREEZ)  PipedInputStream TS ArEae R Bfh: @
{3t RZ I PipedInputStream {Y ¥ EL S FilterOutputStream
WA, SLELT “EEER B Sgskig A RO
FilterOutputStream TERSEMRESE AR Y, 2 S0k 7-4 2K 7-4

B2 Sl Ay EL At OutputStream 248
A RRIhEE. SIEK 7-4

7.1.3 HINEMMEREED

SEFEE R TE RS 20 EFRAMEN . Java I/0 BEREMBHRLIURRT RAEEH,
Tt RN A B E RS ERERRE, ava /0 FEHREFFEXLE “TIEER" (filter)
KEFER TR BEREFTAEHRINEL, BIFRUNIRIEFEMRIX SRR —
AEO, BEBEMHEREELYEED, MBI “SIEEET EPEHITXMER,

SEEERERE — NS, TEREERR, BT U SREANRIEE (LA L
A B TR AFIER ), [EthamRBEREZWE, Java /O FEXELUEARREREE
F, BAOIERSE—MEE R0 B /0 K8, BN EFAREEE—TaEEaIE
B 1/0 W,

FilterInputStream [ FilterOutputStream XA R T A E A MEFE InputStream
B, OutputStream HUSEIHESEET, TP MRHMG LI AREEN. E1RER /0 EHE
%, InputStrean il OutputStrean, XFiAMEEIREEMEMNEARMES (XA e

FFE RO SR AL A D),
1. B FilterInputStream M\ InputStream rhisEEY

£ Fih FilterInputStream 2% & DL 52 B # HERRARFE N EE, H P DatalnputStream

O RR—ER/MIR R, S BIERIEEES P /0 FE S REHLL. (B B SL R X S T IR
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AT ERARNERKBBIEU R ZRFEN SR, (FTENFIELELL “read” FL, @
readByte(), readFloat() &, ) N L E #4 Z% DataOutputStream, {HEIRAETLLE S FE
BRKBIHHEN— M B ah BB — T, BREBL “Hi75” NIH3E 7-1 pgarLe
FTEAE

AR FHY FilterInputStream ZXM7ENFME I T InputStream T ASR: B EEHH
Zif, REXIEFZEMIBMST (DEZTHSERETE), URESTTULE— =55
EEEAR. BREMTEELRRGEATIHFREENEE (S(TETRETIE “H
Java Wi Java fRiFEER” HUSLLY ), BRHIRTEE M RET T EEHARLRRI TN,

& Fh FilterInputStream KGN 7-3 Frx.

* 73
e I BE NSRS ERAE
DatalnputStream 5 DataOutputStream B & {#AH, LLE[#  InputStream AT IEREE AR
ERI7T MR EE AR A (int, R4 E RO

char, long, Z4%%)
Buffered- InputStream AT IEESKEERZHIENE#  InputStrean IR AIEESE: XA LIFAki24tsE

T3 EH0E, MY TFERE “EH (BF) SR A/ 0O, REr#Egn
X BEHRETE, &
SO RERER
LineNumber- InputStream 2 ZE¥ AW T AT S, T LLIJE A InputStream HEEMTFEmE,
getLineNumber() ] setLineNumber(int) HIAgEEESEO
X GRAEERAE
Pushback- InputStream BE—NEFHEEZMX, HTF¥ InputStream BERATEZEENAE
B E A RHEE S AR g, —RAEAZR

RNEFrERNREN 410 &%, RERSREETBAERERH, FLxT 1/0 FEk
i, HERT/LPEBRERENRINEMNRIE, BRBRAEARRER (& REFER
) SROEESREESE,

2. FH FilterOutputStream [3 OutputStream 5 \

5 pataInputStream X 57 {2 DataOutputStream, T 0] LUK & FhEL A 2 BRI = 725 B2 %o
SIS EHERS, XEEAVLEE_EAIE(T DatalnputStrean FEEFE LIEBUX HE A T,
HA BRI EE L "write" FF3L, U0 writeByte(). writeFloat(), %%,

PrintStream & #JHI B BY & LUE] FAL FUAE = SRIT ED A B O B 2R B2 R B F1 2 45 B %t
%, iXH] DataOutputStream R[E], FEMEHMEURMSRUEEIETEKRA RS, FHiE
DataInputStream B] LI AIBAERY T REEXETE,
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PrintStream 75 B AN EE Y74  print() Ml println(), BISWER, KEAT
FTEN&FRERY, print() Al println() Z MM K BIE T FESTERIT R ARSI — MR
( BIHAT Do

PrintStream A[AES MBI S, FHAE S “Z&f” Fr/AM I0Exception (P pAZTH
checkError() BRI EEHERAS, WERHIBLT R, FEIRE true), M PrintStream
HEBR LI ARSEE, X |RSITE PrintWriter HHSEI TR, MESHTNA.

BufferedoutputStrean B MEMHIE, TREIRREAZEMH, XEMASESRATH
SANEEEWHERET .. A THTN, ROUEREFHEY

o

&% FilterOutputStream KEIUNZFE 7-4 Fix.

x 74
ES I BE SRS EAE*E
DataOutputStream 15 DataInputStream $&H:{#i fH, XFEMLRELL OutputStream AEHTBEAEARLER
HRENT AR S AEEARLEE (int, AR EEED
char, long, %%) T
PrintStream T4 & R AL 9% . DataOutputStream OutputStream PUNEH%E N % fE 9 OutputStream
fn R EECEIOTERE, T PrintStream M4 %U: boolean, FREEE WHRE “RA” €,
TR BRI TR FUHATIERE BN AR AR
Buffered- SIS LR BRI (48 & AL WU OutputStream AR AT #ES XARFR LIFRBEED,
OutputStream SipfE, HMTFAE RSN, TUE B GEE) EEKAN  RERHBE MR
A flush() SRIEEEMHX e, BESEZEOY

SHEmLfE

7.1.4 #%h Reader ] Writer

Java 1.1 STELRHEET /O BT T EAKIEN. % —IRE S| Reader Al Writer 50T,
URATBES (BT —FE ) WX EEFSREH InputStrean Al OutputStream 2679, (HSLPR E
e, EABBNGERLSEEWHAR (MREREN], RERMarHES),
{E InputStream H] OutputStream Z{54A LA H ST 19 1/0 M RGE T M ERITIRE, T
Reader Al Writer 2KME{ T 345 Unicode 3F ELETFZ&HI 1/0 86/, 1o, BELLITFHA

TEER.

1. Java 1.1 7E InputStream A OutputStream Mgk EvR s rh g hin T #v s, HiE
SRELAA R RS TR A B

o B NI N WERBREEHNEN “FH7 PRBEREERRREEER
., ATSIIXAEN, SEME “&EREE” J8: InputStreanReader ALY InputStream
EEHiA) Reader, 1f OutputStreamWriter AL OutputStream ##9 Writer,
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B X — R FIRY Reader il Writer WFEE RN TEFRML. [HW—ZF /0 Frk RS
R 8 ALF I, A ZEMATE 16 fiZ Unicode /. BT Unicode TEAFEFRL (3
H Java [R4HJ char W2 16 iZf9 Unicode ), KILLEE il Reader ] Writer 52N T 7EFTE
B9 1/O BVEHRERSZHF Unicode, 54N, WHHHTEWMEN TR ELIHERE AR IErRE,

1. BHRRISRIRAIZ4

JLFRT A RIEH Java 1/O FRAERHIZSEE X R HY Reader 1 Writer 25, UM SRIZMHE
AHY Unicode #1EREST, AIITERLEHLTT, T AIFTIHY InputStream FJ OutputStream 71 &
IEFRITEEE, FEBIR java.util.zip B, EMEBEAZET (MAREAF/A) A9, Hitt,
AR 2R S FH Reader Ml Writer 28, T, IRE7E (R A9 B9 ZERY & DIl IA]
B, FHARBIGERERI.

R 7-5 P T X ER A EREEHEBRRIENEL (HmERSEEDE F3kE
WREE, SMAREWE), UNREFREZAIN KR,

x® 75

SKIBFNEALL : Java 1.0 PAIZE Java 1.1 FRXTRIATZE
InputStream Reader 1&ERL2S : InputStreamReader
OutputStream Writer &ERCEE : OutputStreamWriter
FileInputStream ’ FileReader
FileOutputStream . FileWriter
StringBufferInputStream( E&FHA ) StringReader
(AR ) StringWriter
ByteArrayInputStream CharArrayReader
ByteArrayOutputStream CharArrayWriter
PipedInputStream PipedReader
PipedOutputStream PipedWriter

BERN, RERIXMEREERREEFIEONERTL2MER, E+HSHEE.
2. AT

XFF InputStream I OutputStream ik, SEFHEEHIESR, B FilterInputStream A
FilterOutputStream By “ZEMfigR” FIRXWRHITIER, Reader I Writer X NELKEZ IR LS
MR SR T IXERE, EFHRZEHER.

FERT7-6 1, WAIEKNNMXAEETR 7-6 S I ANEAREM, ERXHXBIH
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BEERETHEPNELS S AE 4R BufferedOutputStream 2 FilterOutputStream H-F25,
{H BufferedWriter /R 2 FilterWriter U258 ( B FilterWriter Bz, HERET
A%, FENHERERELTE R EYE SIS, RENENT ESRREX 412K
B). AadxXsspyEaH-Hao .

x 76

13388 Java 1.0 A Java 1.1 SRXSRIATZE
FilterInputStream FilterReader
FilterOutputStream FilterWriter ( J/E B FHAIHRLE)
BufferedInputStream BufferedReader ( [FIFEEEr readline() )
BufferedOutputStream BufferedWriter
DatalnputStream DatalnputStream ( fRIEMAIfEFH readLine(), THRIRIZMEH BufferedReader )
PrintStream PrintWriter
LineNumberInputStream ( EFH ) LineNumberReader
StreamTokenizer StreamTokenizer ( {#FHIA Reader fE NS &SRS )
PushbackInputStream PushbackReader

B—ERES: ETAEEMER readline() URTE, #BAZ A DatalnputStrean 51
B9z (ARSI N A ), TR Buf feredReader HRAURRAR . BRILZZSM,
DataInputStream {34R2 I/0 FEFRRY “BEik” AR,

39T E AR R PrintWriter, [& T HEM Writer XARMEIERESN, BIRIEM
TS {E RS OutputStreanm X HIMIESE, PrintWriter RS (L #E O SLh7R L5 PrintStream
IR

Java 5 HBEAN T PrintWriter #9i58%, DAL HIBUTE BRIEIHIX A EIRT R,
*lgi):n‘)l

A —Fl PrintWriter M5 2R R L HE BUAT B BTSSR OET R VE, WISIRE THIERIIZ
WIbRE, ESESK println() EHITIZBZERIE.

3. REAETWRIE
B —EK MM Java 1.0 RERFEREERIT Java 1.1, W 7-7 Fir.
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LUTFIXLE Java 1.0 FRRYZETE Java 1.1 i@ BT RIAYSE
DataOutputStream

File
RandomAccessFile

SequenceInputStream

#3512 DataOutputStrean, 7EGEFI HIGEEMA(, ELARAAE LT BN
RERIRERACHE, WRRTZ(EA InputStrean A1 OutputStrean XA B R SR EH A2

7.1.5 BH—2<8Y RandomAccessFile

RandomAccessFile i& & FISRAGER I A/NERIMISRA A, HILETLUE seek()
FERZIER RERD, AEEEESEERIESE., XHPRLEERII/NRNER, HE
W ENTRAR/NL R e X R (i B AT,

—HIBE B XA KBRS, FHE TR ¥ 4H {5 RandomAccessFile 3 3F InputStream Bf
OutputStream RN 4K AEBIREMHH — R, AMEHINXBMRIIPOLEEXR, R
#= fili ¥5 S Bl 7 Datalnput FJ DataOutput #2 [0 ( DataInputStream FI DataOutputStream [A]
FEW A BISLEL T X B N2 ), RandomAccessFile £ 251245 A | Ul 4 By InputStream o
OutputStream ZKRIEMIIIBE. BEREMNESLIIN, BLMIHE, AERZLBETFHD (X
AR REFAE) 75 XAERHHRREET RandomAccessFile B LR 17E ST R B
5, FrABEATAMIEMAY /0 KREEAR EWXE., EEMERT, SHEMTY, £
E#M Object JRAETHRM.

MR B3, RandomAccessFile F9E P2 {LIF¥4 DatalnputStream K DataOutputStream
HGHREM, B0 LJLAT5IE——getFilePointer() FISkH: Hi7E S0 #F R 24 B BT AL FO iz
B, seek() FIRBEhEISCHEFRFEAFIALE, 1M length() I FESRFIMTSTHRIREAIIN, 1
SMEIEER TR NS (F1 C HH fopen() SELMA ), FARIFREITRE HEHEIE
("r") BRBREENEE ("' ), BEHAEZERES (write-only ) X, HILETLSEN,
RandomAccessFile #1522 M DatalnputStream k&MY, BIREHIETERES,

B RandomAccessFile 7 T EAEICHI L, FFEGER F XX, BufferedInputStream
FSCEl Ll mark() (#R12) HAMIE ( HEREEENIATLEF ), DN reset() (BE )
BALE, EXEINEREER, FRAEZKAL,

M Java 1.4 FFif, RandomAccessFile FI4ER ZELTIEER nio FIPITEMRET ST/ ( memory-
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mapped file ) FrBUft, AREBERESHIE.

7.1.6 /0 REGEE X

BT LA ZRARARAS S /0 W%, ERAERSAEEFDHILFE
&, FHEXERETERN /0 BMEFRNEASE (QIRIRHE Tk EHEMEE 17
bR Y EESLELRBIFE K ).

TEX R, AR R e e, EXMTOGERT/NDR
Pl TEER, ELRIRET, FESEENERNERLEST.

1. BN

MEEFTF— AN EEREGAFRH, mEEHEARFAFEREFile G AE R4
LB FileReader, N TIREHE, BENHFEHTEM, HER A5 R ES
BufferedReader FUfHi&ES, BufferedReader AT E DL L Stream<String> HY lines() J3iE:

// iostreams/BufferedInputFile.java
// {VisuallyInspectOutput}

import java.io.*;

import java.util.stream.*;

public class BufferedInputFile {
public static String read(String filename) {
try(BufferedReader in = new BufferedReader(
new FileReader(filename))) {
return in.lines()
.collect(Collectors.joining("\n"));
} catch(IOException e) {
throw new RuntimeException(e);
}
}

public static void main(String[] args) {
System.out.print(
read ("BufferedInputFile.java"));
}
}
Collectors. joining() 7EPNER NS StringBuilder SREMMHAR, AmiEE G ERN

try FARESHE BRI

2. NWERBIA

R F M BufferedInputFile. read() {52 ERIBUHROIER T StringReader,
SRIZ read() S FHBENMER, HEREESS:
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// iostreams/MemoryInput.java
// {VisuallyInspectOutput}
import java.io.*;

public class MemoryInput {
public static void
main(String[] args) throws IOException {
StringReader in = new StringReader(
BufferedInputFile.read("MemoryInput.java"));
int c;
while((c = in.read()) != -1)
System.out.print((char)c);
1
}

read() =LL int BRIREI T —PEFF, EILNIEREIEREEN char 2581 7 88 IE S

B
3. B MBI ERAN

WSREEE “BRLERN” R, MEEEAEAET (fAEEA char) 91/0
25 DatalnputStream, PEMAA{ERT InputStream 24 ( fi <& Reader 5 ), InputStream &H[
LA F TR R BRI R EEE (Bl — S0tk ), R ERREESE .

// iostreams/FormattedMemoryInput.java
// {VisuallyInspectOutput}
import java.io.*;

public class FormattedMemoryInput {
public static void main(String[] args) {
try(
DataInputStream in = new DataInputStream(
new ByteArrayInputStream(
BufferedInputFile.read(
"FormattedMemoryInput.java")
.getBytes()))
) {
while(true)
System.out.write((char)in.readByte());
} catch(EOFException e) {
System.out.println("\nEnd of stream");
} catch(IOException e) {
throw new RuntimeException(e);
}
}
}

ByteArrayInputStream HBEFEU F T4 ( bAbHT String.getBytes() &g ). BEIH
ByteArrayInputStream o] LI/EAVLEZAY InputStream 28BS (L4, DatalnputStream,
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YMELF] readByte() A DataInputStream A —YKiZEX—METIHITRIRE TR, APAR
EMEAZHHESESENER, FULEFAREERUBARSTER, FLFEEH
available() 753k E IR IR 2 DA RN FRF . T EXRETER TR L —RERE
— AT RSB

// iostreams/TestEOF.java
/7 MEIAFRELER
// {VisuallyInspectOutput}
import java.io.*;

public class TestEOF {
public static void main(String[] args) {
try(
DataInputStream in = new DataInputStream(
new BufferedInputStream(
new FileInputStream("TestEOF.java")))
) {
while(in.available() != 0)
System.out.write(in.readByte()):
} catch(IOException e) {
throw new RuntimeException(e);
}
}
}

FEER, available() [N TS RS I EUE AN LB AR T A B A R—2%I575
WEEEEE ‘EeERENER TR FETRE" ., T ERE, XBRREE
AT, (EENTARREFRS, WEsHRAREXE, FHihZsEEEEmER.

YRAET LLZE R IS e Fh B N F R B B SR M A BB R, A AR ERIEHER
FE—REANEBRNEEERTTE.

4, ERRIZH

FileWriter W& AT RIS HRE ALIE, SCiR E—iai@idkiam i E2=1E Bufferediriter
rRSE i AT (T LURERRIZEE, BRSNS ETARE—RMEDE
om0 BIENILERE ), kb, FileWriter 3y Printwriter DUBHAEZALHYRE
H1. DX R AR ISR ST LR B R SRS HSRIEEL

// iostreams/BasicFileOutput.java
// {VisuallyInspectOutput}
import java.io.*;

public class BasicFileOutput {
static String file = "BasicFileOutput.dat”;
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public static void main(String[] args) {
try(
BufferedReader in = new BufferedReader(
new StringReader(
BufferedInputFile.read(
"BasicFileOutput.java")));
PrintWriter out = new PrintWriter(
new BufferedWriter(new FileWriter(file)))
) {
in.lines().forEach(out::println);
} catch(IOException e) {
throw new RuntimeException(e);
}
//
System.out.println(BufferedInputFile.read(file));

BEERAY try FABETEHFXIFRE T30,
MR HEHARES R

Java 5 79 Printhriter BIAN T — MBS, FITIITAEG I IESAS
FEAS AREEFRRTEN T, FE A% 20 BasicFileOutput java #45 T
&5

// iostreams/FileOutputShortcut.java
// {VisuallyInspectOutput}
import java.io.*;

public class FileOutputShortcut {
static String file = "FileOutputShortcut.dat";
public static void main(String[] args) {
try(
BufferedReader in = new BufferedReader(
new StringReader(BufferedInputFile.read(
"FileOutputShortcut.java")));
// FTEARRZ BT X
PrintWriter out = new PrintWriter(file)
) {
in.lines().forEach(out::println);
} catch(IOException e) {
throw new RuntimeException(e);

}
System.out.println(BufferedInputFile.read(file));

IRUSASEILT ZIFHIRER, HERNB BTN, BENE, EMELNEATSHR
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ARt R, EIHEER 0 REENREAERENTIRRE, BEMEHE 17 Bt
T anfAnE — MR RIS ROk A A EARESS .

5. FHEMIKE R

PrintWriter A LUBHIEME R A AL AR N, WRERHATHE —DMRIKE
Hy¥CHE , BT LL{# FH DataOutputStream 3K 5 A48, FHH DataInputStream SRIKE EHE, X
EHNETUEEARER, A3 TENREFHENEXE, FHREEHTTEHL
7. DataOutputStream ] DataInputStream EEEAFETH, FEEEFEA InputStream A

OutputStream,

// iostreams/StoringAndRecoveringData.java

import java.io.*;
/* Hr
public class StoringAndRecoveringData { 3.14159
public static void main(String[] args) { That was pi
try( 1.41413
DataOutputStream out = new DataOutputStream( Square root of 2
new BufferedOutputStream( */

new :FileOutputStream("Data.txt")))
) {
out.writeDouble(3.14159);
out.writeUTF("That was pi");
out.writeDouble(1.41413);
out.writeUTF("Square root of 2");
} catch(IOException e) {
throw new RuntimeException(e);
}
try(
DataInputStream in = new DataInputStream(
new BufferedInputStream(
new FileInputStream("Data.txt")))
) {
System.out.println(in.readDouble());
// RA readUTF() Tl EHkik £ Java 8 UTF 4 %
System.out.println(in.readUTF());
System.out.println(in.readDouble());
System.out.println(in.readUTF());
} catch(IOException e) {
throw new RuntimeException(e);

}
}
}

4R DataOutputStream SRS ABHE, B4 Java SHFRIRETLUEL DatalnputStream
FETRb IR S EE R B ATE FEARISREEGE, [EAELIENE LG R EE
%ﬁﬁ@ﬂ%ﬁ%Aﬂﬁ%,E%ﬁﬁﬁ@ow%ﬁﬁﬁéiﬁfﬁTMw,EWH%
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ERRAEET, ©

B8 (i B DataOutputStream B A\ Z 4 &8, LI{EE LLik DatalnputStream SkikE, M
— A SERITTIE A UTF-8 480 ( A1+ i writeUTF() F readUTF() SEH ), UTF-8 & —
MZFETHHRN, EREKESRESGRERANEFEMESR AR, ORERAN (JLF)
2H R ASCI F/F (NS 747), Unicode [E&IREZ=AIA / i 5%, ik UTF-8 234
ASCII FRFISA 1 FT5, dE ASCI FRFNISGRIDA 2 a3 N, o, UTF-8 7%
ESRFHFBEINREREELN T, At writeUTF() R readuTF () {5 AR R —FhiE A
F Java BYRFFR UTF-8 ZB{k (DK XXAYHRA X FXETTERR ), HmEREIE Java
REFRIZE A writeUTF() B ARIZRIE, SO SRR DR 2 S S BUZ 7T 56,

B T writeUTF() F readUTF(), {8 T LL7E DataOutputStream H7 ¥ 5 4% £ F L {th 2 7Y
HEHEHTRES, HARNMAEERESWZ YMAER N Unicode, i BB LR HL
DatalnputStream JEfRE .

writeDouble() J31E&KF double ZEAIEUEZ AR T, H H 5 H*MY readbouble()
HESNBERTRE (BB EMELNTERTHEMETANEEERE ), EERNTIEX
LTI T EE O LUEHI TE, s S sE e P LI 8, B R
LR AERT double K AUEN BRI FETT ( B char %8 ) FEHIHHFTIREY, BRI IROAAEE 4 5t
MHEFHIBOEEREERER, BEAEREMBTHIS A NG E Bk BUEFTE
HIALE, R, IRFFILEE XML ( XFFASRSER R E i ) TeEEEsamT
il RSB E Ze BB S I T =

6. IS HEHIEIE (4

fiHFH RandomAccessFile Fi2E Ll F4H-& A T DatalnputStream ] DataOutputStream (
4 RandomAccessFile SCH T #EEIAYHE 0 : Datalnput ] DataOutput ), &N LA seek()
SEAE sk EIRE D, FHEMEFE.,

UNERE T RandomAccessFile, FRMAFUHIE N M-S, DLSCUISS A ERElE,
RandomAccessFile &8 & TH TIEEEAREAF] UTF-8 ZREEM5HE

// iostreams/UsingRandomAccessFile.java
import java.io.*;

O XML ER—FMRERNEITELEAEEREENNENRR, MERKBTFXLEES FEEZET
Java, MiZ E X XML #1777 N E.,



public class UsingRandomAccessFile {
static String file = "rtest.dat";
public static void display() {
try(
RandomAccessFile rf =
new RandomAccessFile(file, "r")
) {
for(int i = 0; 1 < 7; i++)
System.out.printlin(
"Walue " + 1 + ": " + rf.readDouble());
System.out.println(rf.readUTF());
} catch(IOException e) {
throw new RuntimeException(e);

}
}
public static void main(String[] args) {
try(
RandomAccessFile rf =
new RandomAccessFile(file, "rw")
) {
for(int i = 0; 1 < 7; i++) /* Wl
rf.writeDouble(i*1.414); Value 0: 0.0
rf.writeUTF("The end of the file"); value 1: 1.414
rf.close(); Value 2: 2.828
display(); Value 3: 4.242
} catch(IOException e) { Value 4: 5.656
throw new RuntimeException(e); Value 5: 7.069999999999999
} Value 6: 8.484
try( The end of the file
RandomAccessFile rf = Value 0: 0.0
new RandomAccessFile(file, "rw") Value 1: 1.414
) { Value 2: 2.828
rf.seek(5*8); Value 3: 4.242
rf.writeDouble(47.0001); Value 4: 5.656
rf.close(); Value 5: 47.0001
display(); Value 6: 8.484
} catch(IOException e) { The end of the file
throw new RuntimeException(e); */
}

}
}

display() HETH T — A, HEEFHTETRN double E, 7€ main() 1, &
AT SO, RIEFTFSCEEFHF T, double UK KRN 8 71, HILIIRE
seek() ( Zk ) FEE 5 /> double ToE, RN T 5*8 HiRIEEE R BB EE IR E.

A B FTEEIf, RandomAccessFile SEfR RS FEAM /0 KARF], ©RALLI
7 DataInput F{] DataOutput #2, EFF AR FFEMES, FEILS InputStream Al OutputStream
B R A T N FE LS A SR . WAUBRE RandomAccessFile E2ZUMHTTE
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i, EATCENERRINE R,

FIEZSEE — NS HER M T ME— RN IETT: B LLFT FF— RandomAccessFile SN
("1") BEFEEFEE A ("w"),

ATEE B nio BRSNS SCAESKER/L RandomAccessFile, 7ZKE 7.3 TIEXT I THEIA,

71.7 NG

Java I/0 FREEFASEIEE T EAMESR: ALNEEA. X, AEEEEMEHT
EEE, Bk, JLUCEFNRANBESREE, EERALEIEHRTE N
toString() 751 ( FEMITREIS BEREL String T IEE AN R, < HEEREIZTE
toString() J5ik. XA Java HIRK “ENREIEHL ) AT HTRERI AT SRR I
Y B,

AEEE—LEFEA, /0 MERNRHHSEIFRBES RS, Gla, ETFREANEF
FraEEHN, IREBZHEEENAS, NRFHHEE—REREARAFRITH
— MR TEE, BERREZGHMAGFEE, e Javad, IFRZ (&%) FHFile
WREE— N NHELEFE, XEFRAMEEEIEA FileOutputStream 5 FileWriter T
7, ENNEMEESHERE.

/0 FRERGENTH R T EXNIERRZ. ENERSZ, FERRE. HEMRKRH
RERRIERIRIHRN, IMRIHESEBRAEN, HEIIIMZ e FE=N Hash
AR, ERNEREBAE—WR, URRFBELIRE—LTE, IAERERIRE
MR RIS E——FE Java 7 i nio SEERRMEXAMT .

—HIRERVERMR T RIS EN, FFRERSEREENGRPERIZE, (R
FHAESXFMRIHRANEFL, KRBPEmIMIRBEAREREBRBLARMRT . R,
—EEICEELHNEMES 17 BRNERENRITE ERRA T IRBI AR,

7.2 TEINO

ARiBHRAE 1/O (standard 1/0) #EAYR UNIX R “BEEAERANE—ERR" XMES
(REBSBRERGFUEMEABI T XMEL ). BFNFERALTLURERERAN,
AR HET LUREEER Y, AR LUREEIRERIR. i 110 N ERET
AILMRA S E L N E T BRRGER, — MEFRIRER A LU 5 — MEFRITR iR
Ao ZRMFEEANIA.



836/ g - g

7.2.1  MFRiER N FIZE

BB RRYE /O HEAY ) Java SEHL T System.in, System.out, LI System.err, fREZ
TEARBZLBE S T WA System.out [FRMER HE ANBUIE, HA System.out EEHH IS
£ 3 39 PrintStream %f %, System.err t [F#E 2 — > PrintStream, {HZ System.in 2k
ZA2ENJE A InputStrean, X EbkE B IR T DUFE AT A System.out F System.err, {H2
System. in W AZATEISEEN RIS TEISE

A FRE, —RE—VGEE—F7, WIRBEXAM, FFTER System.in @zéf
BufferedReader B, XHtTEELF] InputStreanReader #f System.in F#i 4 Reader, THEX
~EIEEE HREARNE—1THAE:

// standardio/Echo.java
/ EHMAFERAN T ER
import java.io.*;

import onjava.TimedAbort;

public class Echo {
public static void main(String[] args) {
TimedAbort abort = new TimedAbort(2);
new BufferedReader(
new InputStreamReader(System.in))
.lines()
.peek(ln -> abort.restart())
.forEach(System.out::println);
/7 AR CLri-Z, 3k 2 & A REATEATRAMN, R TLLEA
}
}

BufferedReader HH [ lines() ffﬁ&é%ﬂi[] Stream<String>, XARILH T H Eﬁﬁuﬁﬁiaﬁﬁ
M BIDL R HAL IR R . peek() JTEESEE S TimedAbort DURIFRE FHIFFEIRES (
g AR AES 2 7 ).

7.2.2 45 System.out ZE#a7g PrintWriter
System.out FZ—- PrintStream, T PrintStream &— OutputStream, PrintWriter A

H—/N), OutputStream B OMIESE, RIMIIRFEE, Ml LUBLZITERR Systen.
out BEHA N PrintWriter :

// standardio/ChangeSystemQut.java

// % System.out® #3:% “PrintWriter’ /* #h
import java.io.*; Hello, world
*/

public class ChangeSystemOut {
public static void main(String[] args) {
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PrintWriter out =
new PrintWriter(System.out, true);
out.println("Hello, world");
}
}

ELREMHATER NS Printriter MR, HEE - NSHIEN true SEFFE
HENE=RIIhEE, TUITTBERE A2 ,

7.2.3 1RO BEEM
Java HJ System JE ] LLE I & ER AOBRAS 5 VA VR FE W I Far AL Ao HE DL R R R R
Y 1/0 bRt TR E ] «

e setIn(InputStream)
e setOut(PrintStream)

e setErr(PrintStream)

WA ERRE LHERES Y, ERERINEEREIHAERE, XY
BHERREHMSEREM. MRERGSTEERENHSENRFEARFS, XEE
ERRASEER. TEXERRRENER T HEI%:

// standardio/Redirecting.java
/] REIRE IO ERR
import java.io.*;

public class Redirecting {
public static void main(String[] args) {
PrintStream console = System.out;
try(
BufferedInputStream in = new BufferedInputStream(
new FileInputStream("Redirecting.java"));
PrintStream out = new PrintStream(
new BufferedOutputStream(
new FileOutputStream("Redirecting.txt")))
) {
System.setIn(in);
System.setOut(out);
System.setErr(out);
new BufferedReader(
new InputStreamReader(System.in))
.lines()
.forEach(System.out::println);
catch(IOException e) {
throw new RuntimeException(e);
} finally {
System.setOut(console);

-
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}
}
}

BREFERER AR IR — A b, FRSRER EAREEREE AR 5B -
e, EIERRFNIFSLERT — A8, BAREN Systen.out W, HELRK ARG HH
IRERZNR L.

/0 BEARMIWEZTR, MARFEER, EihXESFrEERREZ InputsStrean Kl
OutputStream, ffifZ Reader A Writer,

7.2.4 HEE
Java FESR{L T —e2s, FSRM Java WESBTIRIERGER, FHERXLRFHEA
AT .

ETESRER, MBARAMER, FEZENEHEREIE G, ATHE LR
TEA A XIUES

BT AT HARMARNER, S—MHESRRERNTERR, ¥TXMER,
CEEEF K RuntineException S HIA, & -AEME B FWHITIREF FENE
B, BTFSRA—- M EENRERREXEER:

// onjava/0SExecuteException.java
package onjava;

public class
0SExecuteException extends RuntimeException {
public OSExecuteException(String why) {
super(why);
}
}

MEBEEETHEANERE, e[ 0SExecute. command() # & A String command ( iy
&), mEREEERE ATBETEFNIMANTEG S, BXEmLEE java. lang.
ProcessBuilder HE5E ( B BN —4 String WEFH ), RIEERH] ProcessBuilder X
SERERIT

// onjava/0SExecute.java

/] AR R R, AR 6

package onjava;
import java.io.*;

public class OSExecute {
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public static void command(String command) {
boolean err = false;
try {
Process process = new ProcessBuilder(
command.split(" ")).start();
try(
BufferedReader results = new BufferedReader(
new InputStreamReader(
process.getInputStream()));
BufferedReader errors = new BufferedReader(
new InputStreamReader (
process.getErrorStream()))
) {
results.lines()
.forEach(System.out::println);
err = errors.lines()
.peek(System.err::println)
.count() > 0;
}
} catch(IOException e) {
throw new RuntimeException(e);
}
if(err)
throw new 0SExecuteException(
"Errors executing " + command);

MRBEZERFRTINERRERER, MEZEEA getInputStrean(), XEHEN
InputStream Hf 2 FH 3 M BN EHERT

A X EEFT R T RHR T, (BERETREIEARTE command () B THIFRITHIRE,

ZREFIEIRE AR T IREEIRR, FHEDIEA getErrorStrean() B, WHE
HIEAER, XEERESERHE, FilH 0SExecuteException BE, XEEEMASE
FHER DI ERIZ R T ,

THEXNRENER T 0SExecute FFETE:

// standardio/0SExecuteDemo.java

/] BTAREI/IOERLS
// javap -cp build/classes/java/main 0SExecuteDemo

// {ExcludeFromGradle}
import onjava.*; /* drdk
Compiled from "OSExecuteDemo.java"
public class OSExecuteDemo {} public class 0SExecuteDemo {
public OSExecuteDemo();
}
*/
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XEAZET javap RImEES (JDK FFEEMNTER ) SRNEFHITRFE,

7.3 110 B%
Java 1.4 B9 java.nio.* @HREFSINK “F" 110 &, ENERRE—: EE.

szhr b, “IH71/0 BEZH nio EHSLIN T, DR HEARIGEEZRS, EHILRD
%A BRI nio RERD, hEEEZE T nio HRAVFLL, HEERETEIH /O
(RYFEBTHIT ) &N 1/0 ( ELIml T EERMARIE ) X NTT A R

HENEARETENERANEESLTRFERKN IO LIHFANEN: BE
(channel) FIEM K (buffer ). STLUEHBSA—ERT —BERSHRE (HIEEE)
M, TERREEAT FHRRFEE, FHRESHERRESTERR, RENFHEE
AR THE, HHMENR, IRFESESEERE, MENSHXZE, HENXEAZE
B, EEEAMNERXRREEEE, BEAREHXPRASE.

AREHECIR M nio 6, 1/0 FUXFERIBAEEMER T nio, (ERKXESHIRIRIT
FREERFX—EW /0, WREHAPE Java 77 8, AIARIEFEHREN, TR (782
BEENT ) EEREEEME /0 . FEEERT, REESAEN—IHEaREE
Higes 17 B0 T, NEEBRIMERERE (L EE AR M SRR ) s
S EE K 1/O BERY, 7B A EAE nio,

7.3.1 =& PIX ByteBuffer

ByteBuffer ( EMEEEAFTNENK ) EE—EEMBEBREIRE, WRIREN
JDK A4 TF java.nio.ByteBuffer S IINZ, BERINEHLYEHE: ITESRE
SERZ DN, FEOIERE—RFETHENX, FHE —SHTRARMBEEE (DURE
=R, BIENEARRIERAE ) W, BEEFRERASRBRHNER, NENREF
g, EEATTAUERSERIERGTE (NE) MEEMER, X2 —FEE
BRI,

“E” 1O EEHEE = AT T1ER, DAFIT AR FileChannel : FITSHY FileInputStream,
FEFE 1Y FileOutputStream, DA BRE % X ZE Y RandomAccessFile, HE, XUEEE
TR, A nio HREMER —8, FRFEEIIHY Reader Al Writer EARSAFBEE, B
E java.nio.channels.Channels RIEAL T T B 77 1ER M BB A K Reader H Writer,
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TEENMNE TR =1RER, ERAE, AR5, DULANEREE:

// newio/GetChannel.java
/] AFRTFIREEE

import java.nio.*;

import java.nio.channels.*;
import java.io.*;

public class GetChannel {
private static String name = "data.txt";
private static final int BSIZE = 1024;
public static void main(String[] args) {
/] B3I
try(
FileChannel fc = new FileOutputStream(name)
.getChannel()
) {
fc.write(ByteBuffer
.wrap("Some text ".getBytes()));
} catch(IOException e) {
throw new RuntimeException(e);
}
/] HmEIAERE:
try(
FileChannel fc = new RandomAccessFile(
name, "rw").getChannel()
) {
fc.position(fc.size()); // #%E R
fc.write(ByteBuffer
.wrap("Some more".getBytes()));
} catch{IOException e) {
throw new RuntimeException(e);
b
[/ A
try(
FileChannel fc = new FileInputStream(name)
.getChannel()
) {
ByteBuffer buff = ByteBuffer.allocate(BSIZE);
fc.read(buff);
buff.flip();
while(buff.hasRemaining())
System.out.write(buff.get());
} catch(IOException e) {
throw new RuntimeException(e);
}
System.out.flush();
}
}

341

/% Al

*/

X Fix B EI ORI 3R 2, getChannel() #B4x4E A — ™ FileChannel 1Bi&, EEE L
REE: [AEEA—NHTIZEM ByteBuffer, SAFBHESCHKISLMRIEM SRR (X
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B EEHR ).

B F IR ByteBuffer FN—RTIER, E—RF put() FFEEFEA—, BRERE—1
(BEA) FHRERKBPWEESEET AL, AR, WATLA wrap() 75ERFE
A byte £4H “H3E” Z ByteBuffer FH, AISRXAM, REMEEMABWES, M
B P R ByteBuffer N7EME, FfTRTLUX AdL: ByteBuffer 2HEAH “ZH:F" 1.

RandomAccessFile FEYRFTF T data.txt 3Xf, HE, TILAFESCHA3REIRES) FileChannel,
MEXEEWEmE T BE, XEERUME (ARXE) ENNERET .

GUEET HIERYG Rl , SAFEEA static allocate() F7iA R HBATES— 1> ByteBuffer,
nio WEIREN T HRiE B R BEIE, FILFEERFFIE ByteBuffer HYR/N—5LFR
b, XEFAN KB N FIREEWESLH RGN Z/NT — & (REITESLIRBITHE
FFHIE, DUREIRERN ),

EZERAREARI R, 552 allocateDirect() SREXfY allocate(), DLAERK
FHERGESEESN “Hi” BrX, RUXFoEARNFHEER, SLRRRISCHIE
HEEERSGTAR, EEREE, ROFESIRBTNEFHRIE, DT E#EENX
WSCE LUARE SR E_ BRI,

—HBIAA T read() 3kik FileChannel ¥ F¥T{RF % ByteBuffer, FRMSAEZEITX E
VERE flip(), EEMRXMIFHERT TGS (21, XEREFERS SEHM, B
BEXRIEEREWNEE, BENERERNIEE ), HENREHAEH DOk —2H
read() #1E, FREREBEVER clear() SRILEH X NEEIIEIX read() Milf iR, TEIX
MNME RIS E HIRE R T LR ERE

// newio/ChannelCopy.java

// B BE A g o kR

// {java ChannelCopy ChannelCopy.java test.txt}
import java.nio.*;

import java.nio.channels.*;

import java.io.*;

public class ChannelCopy {
private static final int BSIZE = 1024;
public static void main(String[] args) {
if(args.length != 2) {
System.out.println(
"arguments: sourcefile destfile");
System.exit(1);
}
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try(
FileChannel in = new FileInputStream(
args[0]).getChannel();
FileChannel out = new FileOutputStream(
args[1]).getChannel()

) {
ByteBuffer buffer = ByteBuffer. allocate(BSIZE),
while(in.read(buffer) != -1) {

buffer.flip(); // #%35
out.write(buffer);
buffer.clear(); // H#&iE
}
} catch(IOException e) {
throw new RuntimeException(e);
}
}
}

XEFTFF T FileChannel, —MNRTEE, 55— MHTE. RESHET —> ByteBuffer,
UnER FileChannel.read() 3R[E] T -1 ( Z2FoEEM, XE4A T UNIXFD C BRG] ), AR
EEE T RARIREL, flﬂ)’(% read() B EIEMAE MG, flip() BESEEHFERKX,
XEEZHX PR E ERMAT LB write() JREVHR T, 7E write() BTG, BREINATE
ZrpX R, i clear() <EBRTAEMNNEIES, XHEBEMAILUESHFET —IK read() 18
FrHREEIREBEE T .

A EEXANMEFFAELEXIMEFENESLTT N, LRI transferTo() A
transferfrom() AR LU — MREEEERER S —MEE:

// newio/TransferTo.java

// E@EEZEER transferTo()

// {java TransferTo TransferTo.java TransferTo.txt}
import java.nio.channels.*;

import java.io.*;

public class TransferTo {
public static void main(String[] args) {
if(args.length != 2) {
System.out.println(
"arguments: sourcefile destfile");
System.exit(1);
}
try(
FileChannel in = new FileInputStream(
args[0]).getChannel();
FileChannel out = new FileOutputStream(
args[1]).getChannel()
) {
in.transferTo(0, in.size(), out);
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// 341 out.transferFrom(in, 0, in.size());
} catch(IOException e) {
throw new RuntimeException(e);
}
}
}

EMFERREEERE], TR T EREFLH.

7.3.2 RiREYE

£ GetChannel java H, AN T¥XHFRIEBFTEIHR, FATEEIELL—K—1> byte
BT RAIEH SR, FEE A byte 3EUA char, XS HEERRRG—MRTFHESR
java.nio.CharBuffer KNI, BB HFPEA toString() 51k, BT “RE—
&GN X ) String”, ByteBuffer BJ LA E fE— A asCharBuffer() J757ERY
CharBuffer, BBANHAREREYR? WKFMHEDHNE—FIR, XEETAER:

// newio/BufferToText.java
// 7 ByteBuffers fe3 A jq &k /% Hrl
import java.nio.*; 72277
import java.nio.channels.*; Decoded using windows-1252: Some text
import java.nio.charset.*; Some text
import java.io.*; Some textNULNULNUL
*
public class BufferToText { /

private static final int BSIZE = 1024;
public static void main(String[] args) {

try(

FileChannel fc = new FileOutputStream(

"data2.txt").getChannel()

) {

fc.write(ByteBuffer.wrap("Some text".getBytes()));
} catch(IOException e) {

throw new RuntimeException(e);
}
ByteBuffer buff = ByteBuffer.allocate(BSIZE);
try(

FileChannel fc = new FileInputStream(

"data2.txt").getChannel()

) {

fc.read(buff);
} catch(IOException e) {

throw new RuntimeException(e);
}
buff.flip();
// EHERAT:
System.out.println(buff.asCharBuffer());
/] REH RAENBAFHERD:
buff.rewind();
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String encoding =
System.getProperty("file.encoding");
System.out.println("Decoded using " +
encoding + ": "
+ Charset.forName(encoding).decode(buff));
/] *FITE G N R ATGA
try(
FileChannel fc = new FileOutputStream(
"data2.txt").getChannel()
) o
fc.write(ByteBuffer.wrap(
"Some text".getBytes("UTF-16BE")));
} catch(IOException e) {
throw new RuntimeException(e);
}
/! AEFRREER:
buff.clear();
try(
FileChannel fc = new FileInputStream(
"data2.txt").getChannel()
) {
fc.read(buff);
} catch(IOException e) {
throw new RuntimeException(e);
}
buff.flip();
System.out.println(buff.asCharBuffer());
// JA CharBuffer #47 5 #:4k:
buff = ByteBuffer.allocate(24);
buff.asCharBuffer().put("Some text");
try(
FileChannel fc = new FileOutputStream(
"data2.txt").getChannel()
) {
fc.write(buff);
} catch(IOException e) {
throw new RuntimeException(e);
}
/] ERIGFRAE
buff.clear();
try(
FileChannel fc = new FileInputStream(
"data2.txt").getChannel()
) {
fc.read(buff);
} catch(IOException e) {
throw new RuntimeException(e);
}
buff.flip();
System.out.println(buff.asCharBuffer());

345
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EHXPEEEEBENTET, N TEXEFTREATR, BEATEEFTRANNE
TR ( XEEEERHRNMEASERN), EATERE ﬁ )\%MHZEPHHBZEH;EB’JE]‘
EFTHRIE, TLLE T java.nio.charset.Charset ZSRSE X SEHRE, XEGRARMAE THREL
TGRS A SRR TR ELA T A

// newio/AvailableCharSets.java
/] REFHERANL

import java.nio.charset.*;
import java.util.*;

public class AvailableCharSets {
public static void main(String[] args) {
SortedMap<String,Charset> charSets =
Charset.availableCharsets();
for(String csName : charSets.keySet()) {
System.out.print(csName);
Iterator aliases = charSets.get(csName)
.aliases().iterator();
if(aliases.hasNext())
System.out.print(": ");
while(aliases.hasNext()) {
System.out.print(aliases.next());
if(aliases.hasNext())
System.out.print(", ");

¥
System.out.println();
}
} /* Gk (AT747):
} Big5: csBig5

Big5-HKSCS: big5-hkscs, big5hk, Big5_HKSCS, big5hkscs
CESU-8: CESU8, csCESU-8

EUC-JP: csEUCPkdFmtjapanese, x-euc-jp, eucjis,
Extended_UNIX_ Code_Packed_Format_for_Japanese, euc_jp,
eucjp, x-eucjp

EUC-KR: ksc5601-1987, csEUCKR, ksc5601_ 1987, ksc5601,
5601, euc_kr, ksc_5601, ks_c_5601-1987, euckr

GB18030: gh18030-2000

GB2312: gb2312, euc-cn, x-EUC-CN, euccn, EUC_CN,
gb2312-86, gbh2312-1980

*/

B, iE3k(1EZ BufferToText.java, HIERNZEH K HAT rewind() ( [EIZIHIBRIEIA
(18 ), RISMHEHEIZEEIBRIAFHESR decode() ( fRED ) HHE, ABAEEIRY CharBuffer
ELEREERELREE L, MRERNEBIARBIFERE, M LIEEH System.
getProperty("file.encoding") 18 2 Z=4F B Z B HY F /¥ SR L P, HW%%’J’%)\ Charset.
forName(), HtAEA kAT XS AT B ATARADAY Charset XWR T o
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5 —Fhal k75 R A E AT AR ISRECO A A A= s AT #TED N B I /823K encode() ( 47
14 ), @0YR7E BufferToText.java FHAYEE =43 AT i, ZALEERE T UTF-16BE SRESIARE A
B2, AT, REEMAIN RS BTN ChatBuffer, SRIGRIAEAE BT TEARY
NARNET .

BIGIROTLLE R, 05 S CharBuffer kX ByteBuffer T BN ( IR&ETE/EHF
BELZHERNE ), SEEMTABN. ER, XEJN ByteBuffer ST 24 71, mMED
char BE 2 F¥, HXEWHBEL 12 M char T, {HE “Some text” HA 9 /4 char,
REANEFTAS HIUTEH CharBuffer BY toString() Fr@RHINAH, RTEHH
HRETIL,

7.3.3 IRENERZEE
IR ByteBuffer HRERAFFTIREY, HEPEEHITTER UMATRERNF T EREMA
FRBAVEARLRIE ., FEX ROIER T A XL T SRE A IR A S 2R R R -

// newio/GetData.java
// %8 ByteBuffer 89 R B %7
import java.nio.*;

public class GetData {
private static final int BSIZE = 1024;
public static void main(String[] args) {
ByteBuffer bb = ByteBuffer.allocate(BSIZE);

// ZBAEA A ¥ ByteBuffer #FK.
int i = 0; /* dd
while(i++ < bb.limit()) i = 1025
if(bb.get() != 0) Howdy!
System.out.println("nonzero"); 12390
System.out.println("i = " + 1i); 99471142
bb.rewind(); 99471142
// BRAEFER char % 9.9471144E7
bb.asCharBuffer().put("Howdy!"); 9.9471142E7
char c; */
while((c = bb.getChar()) != 0)
System.out.print(c + " ");

System.out.println();

bb.rewind();

// AFER short :
bb.asShortBuffer().put((short)471142);
System.out.println(bb.getShort());
bb.rewind();

// REIHFER int .
bb.asIntBuffer().put(99471142);
System.out.println(bb.getInt());
bb.rewind();



// #AIHEI long :
bb.asLongBuffer().put(99471142);
System.out.println(bb.getlLong());
bb.rewind();
/] HBAHER float :
bb.asFloatBuffer().put(99471142);
System.out.println(bb.getFloat());
bb.rewind();
// #&A3tiE double :
bb.asDoubleBuffer().put(99471142);
System.out.printin(bb.getDouble());
bb.rewind();
}
}

E4 ByteBuffer SENTEG, SN EREHTHE, DHANZITESHIHEE TN

A—AUES, WLEET. &8 1024 MEEEE TE ( HERXIERRE, %
ERREEE limit() 58)), FEEHNE,

FEEAKEERR A ByteBuffer R MBI ERAY /5 IA RIS asCharBuffer(), asShortBuffer()
EFEEZERX EERAEN “NE", REERZMER put() k. 2RSS
P A SRR B I A AR ISEEN, ME—FB SR LR Z IR SN ShortBuffer HY put() 75
%, CEERTAEES (ZEMAENITREERNE ). EMEATAYREZHXR put()
FIEEARE TR,

7.3.4 MEZHX

“YREE X" (view buffer) T B FMEE E AR HRERER
ByteBuffer ( EHILFR A “HLE" ), SLIREFIEBIBIIIIRE ByteBuffer, B “XHE” FiZ
PR, Bk X 0 P B 9 (A e B ER S Bk 59 9 ByteBuffer HREUIERIE IR, NYRTERTERY
SRBIFET I, X RS AR @ T 17 ByteBuffer R AELARZSAL, WEIEATAH —R—"1
(ByteBuffer THFHITTR ) ERitE ( AR ) 75 TUM ByteBuffer HRistBCEE AR R BUHY
B, FTEXMNREOEZED IntBuffer Se#E4L ByteBuffer H1HY int :

// newio/IntBufferDemo.java

// i@id IntBuffer 44\ ByteBuffer ¥4 int
import java.nio.*;

public class IntBufferDemo {
private static final int BSIZE = 1024;
public static void main(String[] args) {
ByteBuffer bb = ByteBuffer.allocate(BSIZE);
IntBuffer ib = bb.asIntBuffer();
/] A int &



ib.put(new int[]{ 11, 42, 47, 99, 143, 811, 1016 });

/] BELIIbRET .

System.out.println(ib.get(3));

ib.put(3, 1811);

// RS R Z A E 76 PR

ib.flip();

while(ib.hasRemaining()) {
int i = ib.get();
System.out.println(i);

}

}
}
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/* Wb
929

11

42

47

1811
143

811
1016

*/

EAHERER put() FIERE int B, WA get() M put() FEEREGR T
J&RJE ByteBuffer FRELA int WA E ., RN BI4axd k5 AR, BallEEE

ByteBuffer LIARIRIZT TG RIEARZEEL,

— HiEd M E X A ERER ByteBuffer A T int BREMMEAZRAYS, % ByteBuffer
AT EES ABEFR T, (RA AR R A W BE R, HERTNEZP XGRS
NS E RN ENE AR, FEX N REEE 7E R —1 ByteBuffer I AFHILE
P, KR NFETIRYISBI#ENT/Y short, int, float, long LISz double :

// newio/ViewBuffers.java
import java.nio.*;

public class ViewBuffers {
public static void main(String[] args) {
ByteBuffer bb = ByteBuffer.wrap(
new byte[]{ 0, 0, 0, 06, 0, 0, 0, 'a' });
bb.rewind();
System.out.print("Byte Buffer ");
while(bb.hasRemaining())
System.out.print(
bb.position()+ " -> " + bb.get() + ", ");
System.out.println();
CharBuffer cb =
((ByteBuffer)bb.rewind()).asCharBuffer();
System.out.print("Char Buffer ");
while(cb.hasRemaining())
System.out.print(
cb.position() + " -> " + cb.get() + ", ");
System.out.println();
FloatBuffer fb =
((ByteBuffer)bb.rewind()).asFloatBuffer();
System.out.print("Float Buffer ");
while(fb.hasRemaining())
System.out.print(
fb.position()+ " -> " + fb.get() + *, ");
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System.out.println();
IntBuffer ib =
((ByteBuffer)bb.rewind()).asIntBuffer();
System.out.print("Int Buffer ");
while(ib.hasRemaining())
System.out.print(
ib.position()+ " -> " + ib.get() + ", ");
System.out.println();
LongBuffer 1b =
((ByteBuffer)bb.rewind()).asLongBuffer();
System.out.print("Long Buffer ");
while(lb.hasRemaining())
System.out.print(
lb.position()+ " -> " + lb.get() + ", ");
System.out.println();
ShortBuffer sb =
((ByteBuffer)bb.rewind()).asShortBuffer();
System.out.print("Short Buffer ");
while(sb.hasRemaining())
System.out.print(
sb.position()+ " -> " + sb.get() + ", ");
System.out.println();
DoubleBuffer db =
((ByteBuffer)bb.rewind()).asDoubleBuffer();
System.out.print("Double Buffer ");
while(db.hasRemaining())
System.out.print(
db.position()+ " -> " + db.get() + ", ");

} /¥ Wi

Byte Buffer 6 ->0, 1 ->0, 2 ->0, 3 ->0, 4 ->0,5
-> 0,6 ->0, 7 ->97,

Char Buffer © -> NUL, 1 -> NUL, 2 -> NUL, 3 -> a,
Float Buffer 0 -> 0.0, 1 -> 1.36E-43,

Int Buffer 0 -> 0, 1 -> 97,

Long Buffer 0 -> 97,

Short Buffer © ->0, 1 ->0, 2 ->0, 3 -> 97,

Double Buffer 0 -> 4.8E-322,

*/

ByteBuffer 2 —> 8 FTHIMA “ER" Mk, M/EETEMAREARLIIN
EZ R ZEE B R R, WE 7-1 LB, SRR EN X B R,
XEHIRE R WA LA FT N ETHT.
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0 0 0 [} 0 0 0 97 bytes

a chars

0 0 (4] 97 shorts

0 97 ints

0.0 1.36E-43 floats

97 longs

4.8E-322 doubles

B 741

& 7-1 5_EERIE R M.

FhEF

REHIHLEEE LUE A AR F T HE R 75 VR FRIE, “Kum” (big endian, RIE
frfthse ) FREBREMUNFETRES KN FERIE (NEBRIIE), /"
(little endian, BMEAI(RSE ) KRS MNFTHRERSPONRFRL ( RERED
k), EEERT—DETIHME (W int, float %) B, FIREMFEESE EFTF A&
T . ByteBuffer DARIRTT R MEEUE, SUBENEHERNANBBERKF. AL

& 5 ] order() 75 & &5 A £ #f ByteOrder.BIG_ENDIAN HY ByteOrder.LITTLE_ENDIAN 3 Pl 25
ByteBuffer FIFETIF,

THERERE 7-2 FES P NFTIHY ByteBuffer :

bl b2

B 7-2

1B L) short & = ( ByteBuffer.asShortBuffer() ) EEUEIE, =B R F 97 (=
#E4(3 00000000 01100001 ), EA/NRTSRIFIEE, BEXHENFET, ASERHF
24832 ( 4y 01100001 00000000 ),

MTFEXAREETUAEE, FHIRFERFE TR ERER:
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// newio/Endians.java
/] FF R RS Fe R A4
import java.nio.*;
import java.util.*;

public class Endians {
public static void main(String[] args) {

ByteBuffer bb = ByteBuffer.wrap(new byte[12]);
bb.asCharBuffer().put("abcdef");
System.out.println(Arrays.toString(bb.array()));
bb.rewind();
bb.order(ByteOrder.BIG_ENDIAN);
bb.asCharBuffer().put("abcdef");
System.out.println(Arrays.toString(bb.array()));
bb.rewind();
bb.order(ByteOrder.LITTLE_ENDIAN);
bb.asCharBuffer().put("abcdef");
System.out.println(Arrays.toString(bb.array()));

} /% dl

[e, 97, 0, 98, 0, 99, 0, 100, O, 101, O, 102]
[e, 97, o, 98, 0, 99, 0, 100, O, 101, O, 102]
[97, 0, 98, 0, 99, 0, 160, O, 101, O, 102, O]
*/

ByteBuffer 438 7 —E NFFZ (A, ¥ charArray HFIFF B E T REN—HRY BEH
X, XEEMELIEH array() SEREREEMNET T, array() FEE “BE” (E24
B, REEEETHEHENEWX LE, TRIESHIH UnsupportedOperationException

i

7)
i

o

charArray 1 CharBuffer Y E %6 A ByteBuffer 1, FEREFETERHNGE, ATLL
EBIBRIAIR AN S Rom B, /N e RIR2 e T = I .

7.3.5 PREPXEBENHIE

& 7-3 AT &Rl nio RZMKR, FHER T AR shFIFE s, Blan, WRENE
byte #{HE A1, FiFEEA ByteBuffer.wrap() J57A% byte f3EAE3R, FHH getChannel()
JTEELE FileOutputStream HFTH—EE, SR/5% ByteBuffer FHIEHES A FileChannel HA,
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[EEM R Gk mEs
FilelnputStream Socket
FileOutputStream DatagramSocket
Random AccessFile ServerSocket
getChannel()
hd
write(ByteBuffer)
FileChannel |4 p| ByteBuffer
read (ByteBuffer) VNN
map (FileChannel,MapMode, position,size)
_____________________ y
MappedByteBuffer :
1
1
_____ HRERR e
array()/get(byte[])
byte[] Al
wrap(byte[])
P array()/get(char[]) asCharBuffer()
char[] [ »| chartBuffer |4
wrap(char[])
array()/get(double(]) asDoubleBuffer()
double[] R )| DoubleBuffer (¢
wrap (double[])
array()/get(float[]) asFloatBuffer()
float[] ¥ »| FloatBuffer |4
wrap(float[])
array()/get(int[]) aslntBuffer()
int[] Al » lntBuffer [¢
wrap(int[])
array()/get(long[]) asLongBuffer()
long[l »| LongBuffer |4
wrap(long[])
array()/get(short[1) asShort Buffer()
short[] F »| Short Buffer ¢
wrap(short[])
e -~ {EF ByteBuffer fRFERS - - - - - - - - - oo y
I ImEENFER
: P m - mmmm—— ] encode(CharBuffer) :
| : {s5FH Charset . forName(""8859_1) I' newEncoder () !
. e X ——~—-}| CharsetEncoder ] !
! ] ]
I 1
! : Charset 1 | CharsetDecoder | !
e e e e e e - - - a newDecoder() !
: decode (ByteBuffer) :
I MRBENFBR |



R

ByteBuffer 2 ME—EDREIER A SIS HIBIEIITIE, BATHBEQUEISZ IR AR LRI
WX, SEFE “as” FTIHEM ByteBuffer R —MEEHK, HEEY, FTEFEARLE
RUFLEI X 550 ByteBuffer, Rid i T o DU Wl BB X B AR R ABUER A B
ByteBuffer, PEIIHIXSLRR LA BT ARSI T

FMMXAMET

Buffer FHEUHERT 4 N T Bk RIFIERANZEIERI R 5 [#0k: mark (#RIC ). position
(A8 ), limit (FPR) LA capacity (&), R7-8FHTHTRE, EERERL L
REIT5iE:

= 78

Bk e B
capacity() REIEIHXHY capacity
clear() WAEMIX, 5 position A 0, ¥ Limit JEN capacity, ALIARIZTEREREAM

ZHX

flip() ¥ limit A position, positionREN 0. EITEMATILETREKIEE AZRE, HA
limit() JR[E] limit J9{E
limit(int lim) S limit fY(E
mark() Y mark 5B position
position() JR[E] position HYE
position(int pos) 158 position FUE
remaining() JEE limit - position JEMIE (Bl “FIRLZLTR")
hasRemaining() HNERYE position I limit Z[AFEEMTTE (B “CERKTER"), WEE true

T AR BEUER T A S RS BEHR 7-8 XSRS, DUBHFTRERZE L.,

THERRGERT —MIEEGHENEE (ZHBLFEM ) X ChaBuffer FHYF
HHFTINEE (scramble, Bt HEAEHREEN ZEmE, THATNESHR ) MRE
(unscramble, scramble FYX [AI#R/E )

// newio/UsingBuffers.java
import java.nio.*;

public class UsingBuffers {
private static
void symmetricScramble(CharBuffer buffer) {
while(buffer.hasRemaining()) {
buffer.mark();
char cl = buffer.get();



Java llO &% 885

char c2 = buffer.get();
buffer.reset();
buffer.put(c2).put(cl); VA -
} UsingBuffers
} sUniBgfuefsr
public static void main(String[] args) { UsingBuffers
char[] data = "UsingBuffers".toCharArray(); */

ByteBuffer bb =
ByteBuffer.allocate(data.length * 2);
CharBuffer cb = bb.asCharBuffer();
cb.put(data);
System.out.println(cb.rewind());
symmetricScramble(cb);
System.out.println(cb.rewind());
symmetricScramble(cb);
System.out.println(cb.rewind());
}
}

ERELLE S B A wrap() 75 A EE NS B char 20 4H, FR U E B A4
CharBuffer, {BZ<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>